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° 180 Dundas Street 
EGronuto, gOntario 
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July ao oe 
Volume 18 
10 
THE SEURTHER sPROGEEDINGS OF THIS 
INQUIRY RESUMED PURSUANT TO ADJOURNMENT 
APPEARANCES AS HERETOFORE NOTED 
a5 
MR. LASKING: l Chink, we Can Start, Mr. Chalrman, 
thank you. Mr. McNamee has indicated he will be about forty-five 
minutes late, so I believe we can begin. 

DR. DUPRE: Well, may I welcome warmly one of 
99| the Original and great friends of the Commission, Dr. Chatfield. 
Welcome back, sir. We are indeed in your debt for agreeing to 

come today to give sworn expert testimony. 
Counsel, are there any points that you or your 
colleagues wish to raise before we swear the witness in? 
MR GhowiNe 6 ie COW Cope lieve sO, Mr. Charman: 
25 DR. DUPRE: Miss Kahn, will you swear in the 
witness, please? 
DRO Eel ww. CHATRIPLD, “ONORN 
EXAMINATION-IN-CHIEF BY MR. LASKIN 
ys MR. LASKIN:°>"Mre Chairman, Dr. Chatfield has been 


kind enough to prepare specifically for his testimony today a paper 
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MR ASK EN = s( Cony de )iawircn *have"crreulaved 
not only to you, but to the parties. He 1s going to present the 
paper and amplify on it, and use slides. 

For "the record, carr put the: paper am as’ an 
exhibit, and we already have a brief of Dr. Chatfield's articles. 
Wevare up Gorexnipit twenuy—-sevenyeso thaw fOr simolicity of 
reference can we make this new paper Tab Nineteen of Exhibit 


IWelcy=se Vere 


EXHIBIT #27, TAB 19: The abovementioned 


document was then produced and marked. 


Tom eweeveosote Slereiilink, ewe rOucO tiie, fins t 
Slide, it's a reminder of the types of asbestos we are dealing 
with here. You see it divided into two different types of basic 
material, chrysotile and the whole set of amphibole asbestoses. 
As given in earlier briefs, the compositions of these things are 
somewhat variable, so that analytically we are not able to just 
measure, say, calcium and tremolite and assume that that is going 
to give us a measure of the tremolite. Quite apart from the fact 
that there are other materials present which may contain calcium, 
even tne calcrum CONncentratton@in EremOriterts going torvary. 

Now before we can define any analytical method 
for use in either workplace or environment, we have to say what 
it is we are trying to measure. This means that we should be 
looking at what fiber dimensions are biologically active, and 
what are also the minimum concentrations we are going to be asked 
to measure. A design of an analytical method is a little 
adviricult 1 yous don't "know these two basic “cmarterra. 

The other thing is the precision of measurement. 
If we are going to count fibers, then the precision is almost 
entirely defined by the number of the fibers we count, and the 


precision that we are aiming at has a considerable bearing on the 
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- 5- Chatfield 
THE WITHESo: (cont‘d.) ~costacfganalysis, and 
indeed its feasibility. 
At this time the medical community has not really 


defined what are the range of fiber sizes which we ought to be 


aS Ee SS ES ee 


including in the measurement. The carcinogenic potential has been 
shown, by part, in the next slide, please. 
DRERUPBEN: fa@bDo. Chatfiield,.do you mind a small 


interruption just for Claritticationy before you’ taketitroft? 

THEQWETNESSeeeNoteatvaliz 
My DRESUPFPEN+@ *OnWthe righthandesiderofethe chart 
where you have crocidolite, the chemical formula is long and 
complicated. Just two quick questions. What does FE double one 
three...this 1s a nomenclature I don't know. 

THEGWITNESS: Oh; okay: The PE two'is a divalent 
15 and BPE three ws trivalentiecrom ofG@ion. 

DR. UFFEN: A similar question, the sodium appears 
in there. It doesn't appear in any of the others. Is that really 
just a...does sodium appear in the other asbestos forms? 

THE WLENESS seaelcemayLoaowmn small iquant rites pebut 
the sodiumpanecrocidolitesisistiructuralesodium; laos tpart of the 
20; structure, and indeed is our only means in many analyses of 
discriminating crocidolite from amosite. Magnesium doesn't 
occur in Crocidolite tierpein thabycompositionpubub as youlitake 
a sample of UICC crocidolite, you will find that magnesium is 
present as well. 

DRBSUBREENe@.Oh, it its*significant that the 
sy NA doesn't appear over in the chrysotile? 

THESWITNESS 5¢ ,.Ohytyesat Quite. 

DR. eMUSTARD:aCould Imask asquestiton astwell? 

Looking at chrysotile versus crocidolite on 
that slide, and the iron association of crocidolite distinguishes 
30} it sharply from chrysotile because you've got a lot more iron, 
because you don't have iron in the chrysotile, but you've got it 


d 


G 87 (6/76) 7540-1171 


=) 
> : a 


. pieltnedty Pe * 8 — 
ne ~akelans Yoageo (sb"9ned)  28Rs mI Roy 
a wNPhLidhawe? “x74 bebbas | 
git ass toy end ey ees festbam att emit an th >. 
ed at apie ew deldw-epale 2edt3. 20 apast od sin dui haatseb 
need aad [etonetog sinspadiozas. eft .dnemexueKed od3 of phibelons 
| | Stbelg .obile tem sAt nb . 128g Yt tors 
Ifone se beke voy of .bieligaio’ 40) .0aTW -AC _ 
gato 21 ofe boy etddee , boisgestticels, 262 sav( ere 
ite +s ot sadariw ser - a. 
guest 442, 20 abies Bapdiepia att ao Anaya, na . 
‘pas baot al eferio? tapdnedoens,stilobigo2s evel 2py woatw 
sao sldvol 4 asch 7410 .etcléwebp sotup ows sevt .bedao hiqnes 
woud ted 2-efudhisonien « et alfd...oealt 
gdelevis « &) cad BE ad! .yaho ah TOSRVTIW. 2nT 
| | sei To fa01 2oolevis3 ef sents Ti San 
enhaiys. sorbes OY yadsttoup Tes imis & . sav .AG 
viioes geufo ef. .etanso «iS So Yam Wt Bee S'nasok 21. . sted? mi 
Camis? agiesdns seddo att at sheqgs mutboe # ecb... 28a.” 
4:8 aavtd?sterp items ai ob yet at. aBeauTIw aut ; 
et 20 stat, @'2i ,mrlice fhtusouese et etilobioeis ni eetbos ott 
pS dmayléne yaw ob ame yins aoc ei Besbat bos ,saudsete | 
s"peseb qwleancem  -asileortn moxzt watiobiadz> pot ‘tonkmbroekh, | 
edént uoy 34 sed, ols lenamGs Yadd al yasdyis ay tiedsoore ei seraRe. | 
et «viesapam tags, fot) tal woy .sd4labinor ot te aidenn | 
lose es onéees 4) | 
eit suits srebbiinpeased ai fit eeiaay A  ! 
; | Selivoayifo, ae eee shouqe + sane J 7 
7 soahuo eey Ho 222SMT INSET 
eLtow ae noliasip sap.3 hath AAT 4 Co 


Be 


a 


- 6- Chatfield 
DRE MUSHARD:;. (cont'd).)  ingthewcrocidolites 
The silicon/oxygen ratios are different between the two? Those 
are well-established facts, is it, that those ratios of silicon 


5} and oxygen...? 


| 


THE WITNESS: The®sitddcon/oxygensrapartetrom 
the water. The water may be somewhat variable, but the silicon/ 


OXYJeN  Vatioslare certainlvyatact: 


Mayas alsonmentrongthackiedonttiputcany aaron 
inechryvectalerebutyyoulwal), undoubtedly find at. 1t"s ‘a question 
of Of a variable concentratronsopmconfaeThesapurestetform of 
chrysotile, you will be able to get an iron-free chrysotile from 
California, it's made by Union Carbide or processed by Union 
Garbade we Thatevyounwitienee! detectiveryumuch ironiin, but@other 
varieties you will see it. 
15 DReSMUSTARD.@  Wouldacnemirongbeamuch Less 
than theterocidosite? 
THEA WETNESSe (a Veryimuch: Less. 
MR. LASKIN: The only question I have, and 
it's probably only me who is not certain what you mean, but the 
two criteria that you specified - biologically-important fiber 
20 dimensions, I can understand what you mean. What do you mean 
by minimum concentrations of interest should be specified? 
THEAWOENESS>S*, [egvyou ere txying to dotaneanalysis, 


Chents ustaputeingettia ne contexteotrthercurrent school situation, 
we can do an analysis to any degree of sensitivity if we filter 
or enough air through the filter. 

There are one or two criteria, one or two 
things which will override that, and that's collection and the 
fritenyyetc,. wRhuthwe rungintovasproblemsitenolvoneshasisard,;icok, 
provided it's below Concentration X, we are not concerned anymore, 
We are never able to demonstrate absolute absence. We can only 

30; say ‘less than' a certain quantity, and that quantity may be 


defined by filter backgrounds or we may define it ourselves by saying 
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THE WITNESS: (cont'd.) tookjswevarenjust» not 
going to look any longer than this in order to keep the analysis 
at a reasonable cost. 

$ MR. LASKIN: JI understand. 

THE WITNESS: It seems to be generally agreed 
that the carcinogenic potential of a fiber is related to fiber 
dimensions. That automatically means that we have to be looking 
at a numerical count’ as an index.of exposure, rather than. actual 
mass concentration. 

” If size is important, then size has to be 
measured. 

MRet LASKINen | Canawet gust,stop; there? I think, 
because we have had considerable difficulty, I think, understanding 


the testimony we have heard on fiber size and fiber dimensions 


15, and perhaps you can help us with it and perhaps relate it to 
this slide. Can we deal with both diameter and length, and 
perhaps we can deal with diameter first. 

Amar correct, dissnu ty fad taco. Saye that. the 
thinner the fiber in terms of diameter, the prevailing expert 


testimony seems to be, the more hazardous it is and the more 
20 


aS Se SOC eelCelC OC 


dangerous it is from a health point of view? 

THE WITNESS: From my reading of the literature, 
Sma ctineluding Stanton and Pott, would indicate that Chinner 
fibers are the more toxic in that respect. 

MR. LASKIN: Does that have something with 
ties respirability jofithemivber? “That is; 1f it's a bigger 
dtameteysit can't fget sintosthe lungs? 7 You;don't anhale por? 

THE WEINER SS2e Deft imitely;. yeacvyour Li find, a paper 
by Timbrell, which I have with me, in which the falling velocity 


of a fiber is almost completely related to diameter and not to 


25 


weight. 
The smaller the diamter, the more readily... 


if it is a small diameter it would behave more like a small particle. 
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- 8 - Chatfield, 
THE WITNESS: (cont'd.) The length doesn't come 
into this Calculation in fany signiticant manner. 

MR. LASKIN: Is there a minimum diameter or is 
there a maximum diameter beyond which generally people will not 
inhale a fiber? 

THE WITNESS: A maximum diameter? Hmmm, again 
you have to consider what is defined as a respirable particle at 
this point. Timbrell's paper, and others, have used ten micrometers 
equivalent unit as to spears, has been the limit of respirability. 
Me smallest. .1SOnry, cne Largest particle which ts. going to be 
considered to be respirable would be approximately ten micrometers 
in diameter. But that is a unit density particle. 

Correction for other densities of materials would 
be made by dividing that diameter by the square root of the density. 

Timbrell has shown that the...if we use a ten 
Micrometer criteria here, a ten micrometer unit density criteria 
for respirability, then three to three and a half micrometers would 
be the maximum diameter that we should be considering as a 
respirable particle. 

However, the EPA...and again, another document... 
have recently defined respirable particles as being fifteen 
micrometers, on the basis of mouth breathing rather than nose 
breathing. 

MR. GASKIN: Could you, Just for the benefit 
of the people back there, perhaps if you can...they may have a 
little ditticuity nearing you. 

MR. PIUZE: Yes = lb would like, Mm. Charman, 
if possible, if you could increase the volume of the equipment 
that you use, or speak a little louder. Maybe it's my age, but 
fo missing Dabur o tei, 

MR. LASKIN: We'll do what we can. They are 
not microphones, they are speakers for the transcriber for the 


recorder. 
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= a Chatfield 

MR. PIUZE: Oh, I see. Well, I am missing part of 
it anyway...and the best part. 

MR. LASKIN: Is there a prevailing expert view 
aSsAtO nan termssor drameter only, i 1 l come to length in a.moment. <. 
but in terms of diameter only, what diameter is more hazardous 
than another diameter? I mean is there some particular diameter 
range that current expert opinion would say is more hazardous 
than another? 

Dem MOL spuLcIngmene question Very wells bubs. 

10 THE WITNESS: Again, I can only comment on the 
published literature, but Potthas, in fact, summarized what seems 
EO: be knownwOL this tCOpiic,sand 1t does go for, the potential for 
harm here does go through a maximum in his data, and then falls 
again with decreasing diameter. 

Mae UASK UN see USet hat One tne ones 

THE WITNESS: That's on the slide. 

Mae LAS INe Thats on tie. slide. All right, 


15 


we'll come to that. 

Just brietly an terms of length, 1s 2t the short 
fibers that we have to worry about, or the long fibers that we 
have to worry about, to put the question simply? 

THE WLTNESSs: Frankiy, I don’t know. There are 


20 


a number of questions. If you take Pott's data and Stanton's 
data, you would say that the long fibers are the ones which we 
are concerned with. 

Li you Cheny consider that 1S on a sing le—fiber 
a bas lS cee OU. Cen Consider that any size distribution of fibers... 
iiany iStze sd stributiouy of fibers onjparticles, they are 
logarithmic normally distributed and there are many more small 
ones than large ones, and so even though one may have a reduced 
Single fiber effect, there are a lot more of them in the smaller 


30 sizes. So the experiments that have been done using either long 


Y S , ~ » 


fiber or short fiber seem to be...you can criticize them on both 


Councs:. 
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= 10 = Chatfield 
MR. LASKIN: So what you are saying is, looking 


at any particular individual fiber that the longer ones may tend 
to be more hazardous than shorter ones, but in any fiber 
distribution or in any environment there are many more smaller 
fibers than longer fibers? 

THE WITNESS: That's the way I would interpret 
sg a 

MR. LASKIN: Which is the counter...the other 
Side yor thie. Cod m7: 
si Couldlvouw.,.coula we put sthatesi ides back von? 

Dr. Chatfield, could, you. justsexplain what the 
slide shows? 

THE WHINE SS -) What  Potbois.tryinestongdo. in) this 
slide is to collect together all of the data that has been done 
45| Ge that particular date of 1978, on carcinogenic activity Of fibers: 

He has plotted length and diameter on the base 
plane of...like a table divided into squares, and if you view that 
as a three-dimensional curve he is saying that the effect at, say, 
One point two five micrometers in length is not very large, but 
then it gradually increases to some value by the time you get to 
20; twenty micrometers or forty micrometers in length. That's looking 
along the horizontal part of the plane. 

If you look along the diameter axis, then you 
will see that the peak seems to occur at about point one two five 
micrometers...point two five, perhaps...so he is saying that the 
ee potency goes through a peak as you go from point zero zero three 
one through to twenty micrometers...sorry, two point zero it is 
elgisog ey 

MR. LASKIN: Is the carcinogenicity factor, 
Tse that anvarbi trabyvescalegon 1Seciatpre bated .. % 

THE WITNESS: That's an arbitrary scale. 

30 MR. LASKIN: Can you relate that figure one 
to what we can measure in the optical microscope, in the workplace? 
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THE WITNESS: As far as the length axis is 
concerned, the optical microscope resolution doesn't come into 
the problem. But as far as the diameter axis is concerned, we 
would have to say that point two micrometers on the diameter axis 
is the lowest we are going to see optically using the best quality 
research microscope. 

It is possible that many microscopes are not 
actually seeing much better than point four micrometers in diameter, 
whatever those fiber lengths may be. 


MR. GASKIN: If you*ve got a fiber that's twenty 


10 


micrometers in length, but has a diameter of point two, does that 


mean that you are not going to see it on the optical microscope? 


Operators wouldn't. “This us on the- absolute Limit of optical 
Ie VS TD ory. 

The optical visibility is defined by the 
wavelength of light, and if you look at the textbooks on optical 
| Microscopy you will see that point four is approximately the limit 
for the ability to separate two features. The ability to see a 
feature seems to be limited to point two. There is, in fact..we 
- are, in fact, working there at the absolute limit of optical 
ViSiTDii1 oy. 

MR. LASKIN: In...and I appreciate measurements 
no doubt will vary from workplace to workplace and environment to 


environment, but I take it you yourself have looked at and have 


54) Measured, Che percentage of fibers visible in the optical microscope 
or used as an index for workplace standards, as opposed to a total 
number of fibers that are actually there...have you done some of 
those measurements? 

THE WITNESS: We have done a little bit of this 
Kang, Of wOLK,) LOOkKIng at Size Gistributions in airborne dust. clouds 

30) of this kind. 

MR. LASKIN: What do you generally see and what 


THE WITNESS: Some operators would, some 
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MR. DASKIN=| (cont'd.). vercentage of the fibers 


visible in the optical microscope or used as the basis of a standard 
are you actually measuring, as compared to the total number of fibers 
present? 

THE WLUINRSo. se lie tOtaL number.» Wella proportion 
of the total number. The workplace measurement may only see perhaps 
one or point one percent of the total. 

MR. LASKIN: When you say total fibers...perhaps 
I should have been more specific...is that total asbestos fibers? 

TOR WLINE Sov. »lOtdlmasbestlos -fi bers. 

DR. MUSTARD: May I ask a question about the 


10 


sources of Pott's data? Is the data based on carefully sized 
fibers administered to animals in controlled experiments to 
determine carcinogenicity, or is it an extrapolation from all the 
416, Gata on humans with lall the limitations thatclthat hastin terms 
of estimation of fiber and estimation of response? 

THROWLINE SS = Jl othinkehis Gatauts, basically 
from animal work, and largely leaning on the Stanton work. 

DR. MUSTARD: And in that work, the fibers are 
very carefully separated out so that they have absolute control 
20) of the length and diameter in terms of what they are administering 
to the animals, or are there some estimates in that as well? 

THE WITNESS: There would be estimates, I am 
afraid. It is not possible to get single length fibers of these 
dimensions by any techniques that I am aware of. 

a DR. MUSTARD: Did they quantitate the fibers 
they are administering, using the sophisticated measurement 
devices available when they did these experiments? 

THE WITNESS: I can't answer that question. 

DR> MUSTARD: But 1 wasn ot based ‘On Optical 
measurement estimates? They did use electron microscopy to calibrate 
the fibers, did they not? 


THE WITNESS: Again, I can’t answer. 


30 
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MR. LASKIN: Just one final questions on these 


percentage Gistributigns,“whllesr thank®ofeiey* Sincesyou indicated 
that even if a fiber is greater than five microns in length, if 
it is below a certain diameter we won't be measuring it on the 
optical microscope, or we won't be seeing it, how many of those 
fibers in a normal distribution might we be missing? [In other 
words, how many fibers greater than five microns in length are we 
actually measuring in a workplace setting? 
10 THE WIENESS : From the measurements we have 
made, we could see perhaps...this all depends on the size 
distribution...we have seen numbers, ratios there from four times 
the number to maybe twenty-five or fifty times the number. 
MR. © DASKENG SA That syourarennoes. i? 
THE WITNESS: That we are not measuring. 
1D MR. LASKIN: On the optical microscope. 
/ DR. UFFEN: Perhaps we could come back to this 
Gneswlatereon.w tlhadon  tiwantetorinterrupe your tran; buteone 
t Lettie pomintel@wotld: dike stotcVarity : 
It's labelled hypothesis. To what extent is 
| oe it hypothesis and to what extent is it based on observation, and 
would the observations be on animals or humans? 
r THE WITNESS: I think maybe really the paper 
i should be reviewed at this point, but the Pott's statements 
are that it would be somewhat illogical to assume that a fiber 
i was biologically active at five micrometers and not biologically 
25; active at four point five micrometers in length, and that it 
is likely to be a continuous relationship rather than a step 
function. He has then taken what observations he has from the 
animal work, and extrapolated. This is very much a hypothesis. 
Those curves are not based on physical measurements all the way 
down. 


DR. UFFEN: Can you point out something which 
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=a Chatfield 
DR. UFFEN: (cont'd.) to me catches my eye, and 


it may not have with others? Two of the scales are logarithmic 
and one of them is linear. The index of carcinogenesis is a 
linear indexing. Is it arbitrary or is it not even linear? 

THE WLITNBSo: -L Cant comment on that. 

DRA UL REN<+) 700. ©htes worse thal oc coougnt then: 
Not worse, more complicated than I thought. 

See, if you used linear scales, those curves 

ig) WOULD Vise very Very capidly, wouldnt they: Thereyis a two 
by two -by. two.by two multrp lication? 

THE WLTINESS: Yes. 

DR. UFFEN: So this graph could give a person 
a misleading idea of the relative carcinogenesis if you don't 
understand the scales? 

15 THE WITNESS: Yes, you are quite right. The 
reason why he will have done them logarithmically on the two 
scales there will be that we are dealing with a logarithmic 
length distribution, and most of the data in this sphere is in 
fact plotted on Logaratnmic scales. 

DR. UFFEN: But that index could also be 

ae logarithmre then? 

THE WITNESS: It may very well be. 

DR. UFFEN: Maybe we should ask a little bit 
more about it then. 

THE WITNESS: Yes. 

25 MR. LASKIN: I suppose for the record we 

should identify that slide as being figure one in tab nineteen of 
exhibit twenty-seven. 

Slergiatg, DR RAeN Slash eur ii ue le 

THE WITNESS: Basically, if we were to accept 
what Pott has said in his paper, we should be measuring all 


fiber diameters between about point zero three and three 
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THE WITNESS: (cont'd.) micrometers in diameter, 
and all fiber lengths perhaps down to about one micrometer, so that 
we take in the overall volume of that curve. 

The point has already been made that although 
we have a declining carcinogenicity factor in those curves below 
about five micrometers, it's still a significant number, and 
the size distribution in fact may mean that the overall effect 
of small fibers may be in fact larger than those from the 
Pr longer fibers, because there are fewer of them. 

The basic reason for introducing these curves 
is that the data summarized by Pott don't appear to support the 
concept of excluding the small fibers from measurement. 

Then we come onto measurement criteria. The 
definition of a fiber has always been, for the last twenty or 
15| thirty years, something of three-to-one aspect ratio or greater. 
That definition came about quite by accident, someone asking 
how do we define a fiber, how do we discriminate from a particle. 
Three-to-one is a convenient dimension at which we can say, well, 
this is beginning to get elongated. It doesn't have any 
brologi calkion minenabogrcalitsignificance at all. 

20 From Timbrell's data we can say that the 
respirable fibers should be considered as one of maximum diameter 
of about three point five micrometers, and of any length. 

The question of relative toxicity between species 
seems to be, at the moment, unsettled, and so we are not able to 
95| 2aY whether we really need to identify the fibers during the 
measurement. It has been suggested at times that the use of a 
five-to-one or a ten-to-one aspect ratio definition might make the 
analyses somewhat easier and improve the reproducability of 
firberecounting,. @eNow 7, Phsjou icamrlbook fat Seathe next yslide, tpledse... 
this will indicate the kind of problems we are running into. 

30 I don't think we would regard those as nonfibrous. 


Everything there is long and thin and no one would have any 
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THE WERENESs: (contads) avd fireultysinedefining 
those as fibers. 
The next slide. 
9 This’ is..sthat was chrysotile asbestos, the 


previous one. This one is UICC amosite. Now you see at this 


point on the electronmicroscope scale, these are fairly high 


at 


the three-to-one aspect ratio will include the majority of those 
features, but the ten-to-one aspect ratio will begin to exclude 


/ mMagnutacationspicturesjawe are gettingsto,»be rather blocky, and 
rather a lot of them, We know that this material is UICC amosite. 


If we go to the next slide, this material is 
a tremolite. It's an optic tremolite which appeared in the 
laboratory, and you'll see there a three-to-one aspect ratio 
begins to include things which we really wouldn't want to call 
15) fibers. The ten-to-one would exclude virtually everything in 
that?rtieldtaparti from themlongething) going throughsthe middle. 

So we have here materials which are commonly 
considered to be asbestiform, or asbestos, and on the electron 


microscope scale, at least, we have things which we, at ten-to-one 


0 There seems to be little justification to increase 


the aspect ratio definition unless someone could demonstrate that 


fibers of lower aspect ratios are innocuous, and just to yield a 

more reproducible result doesn't seem to be a useful criterion 

because we may not be measuring the right things if we change it. 

or MR. LASKIN: When you say a more reproducible 
result, do you mean generally a more accurate count? 

THE WITNESS: Yes. I mean two different 
operators working on the same sample would be able to recognize 
the ten-to-one aspect ratio fibers more reproducibly. In other 
words, they would always agree on the fact that these were the 

30; fibers they had counted, whereas it gets much more difficult 


at the lower aspect ratios. 


= 


aspect ratio, would eliminate. 
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MR. LASKIN: The counter argument is that we 
still don't know what the health hazards may be of aspect ratios 
between three-to-one on the one side, and ten-to-one on the other? 

Tobe WieNGoose  Lidtes COLLeCL « 

DR DUPRE ol. iat i tetrad, cCOUuLd Ile lust. take 
you back to your statement about the question of relative 
toxicity between different asbestos species is unsettled, and indeed 
so it seems to be. 

Bula VOUrcCNeH 901. Olle tO say, Lil tie = paper 7 ana 

so the requirement for identification of the 

Species during fiber counts is also uncertain." 

I wasn't quite sure I followed that because 
Since in Wa nunber Of JurLsdretions, Lrightiy oT wrongly, standards 
have been set that differentiate among asbestos types, would it 
not be so that in those jurisdictions the requirement for 
identification of the species would indeed be certain? 

THE WITNESS>" You* are* quite “correct. 

DR. DUPRE: Whereas, of course, the general 
question remains unsettled? 

THE WEINRSos: “That, S™QqQurte Correct. 

DR. DUPRE=) “Thank you. 

THE WITNESS: When we come to deal with ambient 
air, or inside-building atmospheres, then the ten-to-one aspect 
ratio would certainly simplify the electron microscope measurements, 
but. for a number Of reasons 1 1S not appropriate for application 
to workplace samples. My justification for this is that something 
which is three-to-one aspect ratio optically, we have no guarantee 
that -atter antialation i1C°S=nOt going to break down into a® tot 
of thinner ones, which indeed do have high aspect ratios. This 
bsp a COnsequences or limitation Of visibility, again: 

Now, I would say that there is an urgent need 
for a precisely defined and reproducible analytical method for 


workplace air samples. If we are going to retain the existing 
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THE WLINBoS: (contrda.) Liber counting: approach, 


then we have to improve it so that good interlaboratory comparisons 
can be made on a routine basis. I say on a routine basis because 
those comparisons that have normally been made have been made with 
full knowledge of the individuals concerned that this was a round- 
robin test, an interlaboratory comparison. 

Using the NIOSH method as published, a recent 
ASTM group managed to find a factor of six between the high and 
low counts on the same filter, by experienced counters. This is 
9 a rather worrying situation, and this was done, again, when the 
analysts were well aware that this was an interlaboratory comparison. 

What that's saying basically, is that one 
operator was able to see six times as many fibers on the filter 
as the lowest counter. 

15 Unfortunately, any improvements in the analysis 
methods will change the value of the fiber concentration that we 
report. If fiber count obtained by any improved procedure is 
higher than that obtained by any earlier methods, this is going 
to be viewed by industry as a backdoor reduction of the 
legislated airborne concentrations. If the value is lower, it's 
20| going to be perceived as a relaxation of an existing standard. 

We are faced with the problem that we are 
legislating by an index. This index is strongly dependent on the 
analytical method, the counting rules and the visual acuity of 
the individual and the performance of the microscope. Many of 
these things are not defined in current methods. 

2 We are not dealing here with a precise and 
absolute measurement. We are making ameasurement unrelated to 
any standards, which is subject to both instrumental variation 
and operator subjectivity. 

There are a lot of improvements that can be 
made to the fiber count method, but they are going to change the 


values that are reported. The problem has to be addressed as to 
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- 19 - Chatfield 
THE WITNESS: (cont'd.) whatclaction*will’be taken 


if we get an improved method which we want to introduce and it gives 
a value of fifteen fibers per mil, when in fact the old method gave 
an acceptable value of one point seven. This kind @ thing can occur 
just by changing counting rules, and indeed at the international 
level there are such discussions already taking place about changing 
counting, rules in the opticalsmzcroscopy method “This rs going 

to change the answer. 

rr MR. LASKIN: Could you give us an example of that? 
Could you give us an example of how a change in the counting rules 
will change the count? 

THEGWELINESS #2aWell> torwexample StheVBritish 

at the moment wish to count aggregates as anything up to eight 
fibers. In other words, we have, say, an aggregate appears on a 
isi MLCroscope which wegaregnotrableetoncouniwie It 2s'earcompitcated 
structure. We recognize that it is a complicated structure. 

One set of counting rules will say disregard that filter view and 
move on to another filter view which is easier. 

Now, #Ubtwetdo this itebiases the result*to a 
low number. 

cit TietBraersipiwish Gterceunt thateupeto eighteiibers. 
Now if they count it as up to eight fibers, what will happen is 

an industry like the asbestos cement industry will have a lot of 
aggregates within the material, and instead of disregarding these 
features altogether we are then in a situation where we count them 
oe as up to eight each. So we could find that the level previously 
considered acceptable would suddenly be multiplied by eight. 

So a mere change of procedure can change the 
number that we are getting out of this measurement. 

MR. LASKIN: On that particular example that you 
gave us, does Ontario have a method of treating aggregates at the 
present time? 


THE WITNESS: I believe the method specifies 'move 
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THEAWEENE OG sa (COnt ads) —Onetoranotheretield of 
view'. 
The NIOSH method specifies that, and the 
5} Asbestos International Association method as published also states, 
move on to another field of view if one-eighth of the field is 
covered by an aggregate and you can't understand it. 
But on the other hand, it does specify that the 
occurrences should be recorded. But recording of the occurrence 
a doesn't introduce it into the numerical result. 
DR. UFFEN: Could I ask a related question? 
I'm not sure whether it's in the paper you've just brought in 
this morning, which is an update, but it was in the one that 
you presented to us earlier in the year, and it's tab eighteen 


on page six. 


15 You referred to the Asbestos International 
Association, a technique recently published by the AIA, using 
the different mounting. To what extent has that new AIA procedure 
been implemented, and does that distort the historical data? 

THE WITNESS: That technigue has not been 
generally implemented as yet. It is forming the basis of 
20/ discussions at the International Standards Organization level. 
That is forming the basis of the method to be adopted. 

The technique for mounting...the NIOSH method 
USeS’ a Mixture Of two OrganiCs....1° think We s*drethyloxylate 
and dimethylthilate...to mount the filter, to render it transparent. 
25 Dinas tO ve transparent to=1OOk atl Lt optically, Inis tecnnidgue, 
therefore, immerses the fibers in a refractive index of roughly 
the same as the fiber itself. In other words, the fiber and the 
mounting medium are very close in refractive index, and that is 
the reason why we have to go to phase contrast, because without it 
we cannot see the fibers. 

The AIA method uses a different approach. Acetone 


vapor is blown onto the filter and the structure of the filter 
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THE WITNESS: (cont'd.) collapses because it is 
rather like a sponge texture. The acetone vapor dissolves the 
filter medium and it collapses to a continuous film of plastic, 
5| which is transparent. 

A drop of glycerol triacetate is added, and 
then the cover slip is put on the top of the slide and the whole 
thing then is a permanent mount. Unlike the NIOSH procedure, this 
| Slide can go into storage for recounting. 

In general, the refractive index of that medium 
is different to that used in the NIOSH procedure. It does lead to 
| an increase in fiber visibility. You can see fibers more 
efficiently in the AIA method, and the overall result of that is 
that it gives...I believe it has been measured, but I think it is 
of the order of twenty percent increase in fiber count. 
re DRHUGUEPEN sewould ivyou Ysay p though, “thateirn?the 
future it would be a preferred way to do it because you can keep 
the specimen and have a look at it again sometime and compare it 
with somebody else's? 

THE OWDINESS 70 11 «think 4as“optical’method go cit 
is the best we have at the moment. 

20 DR. UFFEN: Are there likely to be any better 
ones in sight, you know, in the next five or ten years? 

THEAWOUNESS 26 [ethinkhl could’vath-onschatelater 


on, but there are methods on the horizon which may be more reliable. 
DR. UFFEN: So we now have identified two ways 

in which the measurement...regulation based on a measurement 
| technique could change significantly if the technique is changed 
| by international agreement? 

THE WITNESS: Yes: 

DR. UFFEN: Are there any others? 

THE WITNESS: Well, of course, we have discussed 
4g) the counting rule problem;vandtof course thenethere is change sof 


aspect ratio. These are problem of definition and they all change 
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THE WITNESS: (cont'd.) the number that comes 
out of the measurement. 

As I was saying, the problem here is we are 
legislating on the basis of an index which is sensitive to the 
actual methodologies in use, and I would point out that in view 
of the factors of six and other studies that have indicated the 
procedures have been improving over the years, even though we are 
now still getting factors of six between operators, they have been 
improving. Any correlation with epidemiology would have to be 
looked at with some caution because we don't have accurate 
measurements of fiber concentrations. 

The fundamental limitation of visibility that 
I was talking about is imposed by the wavelength of light, and we 
have discussed the point two micrometer diameter limitation. There 
are, in fact, no standards generally available for microscopists 
to test the performance of their equipment. Current microscopes 
which are marketed are not optimized with this particular measurement. 

In the AIA method in particular, they make very 
specific recommendations regarding the absorption of the faceplate 
in the microscope itself to optimize the contrast of small features, 
and all these things were left uncontrolled in other methods. 

Now, if we could go to the next slide, please? 

VUSTS ogee Monguliele fe celgl= aul auligieh ghighele va ela Uloyamelegs acre nena ay 
I had forgotten that one. This is the interlab comparison using 
the NIOSH method which I referred to. Counts were made by eighteen 
experienced counters and we have four different asbestos operations. 
You will see that the mean value, generally, is one fiber per 
Mi iViitre, Or st hereapoucs, and. the, lowest -andwhichest values 
reported by those eighteen operators are listed. You can see 
there is a substantial variation there, the worst one being the 
third column...a ratio between the high and low of six point two. 

The consequences of this are, of course, that 


if that was a single measurement the point three three would most 
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THE WITNESS: (cont'd.) definitely be a good 


number, and the two point zero four would be above the current 
legislated airborne standard. 

Next slide, please. 

UUStMmeEOsemMpnasazes the: limirt of optical+ visibility, 
here we have an electron micrograph of a single chrysotile fibril. 
ThatelSecneeubhermatemubori es TzZemon Chrysotile. LE *s* about, point 
zero four micrometers in diameter, and the two circles represent... 
ao) lS Of all) the srallw@circlemis*the pointetwormrcrometer diameter 
circle representing the limit of optical visibility of a good 
research optical microscope. The larger one represents the point 
four micrometer, which is the situation that may exist in many 
Microscopes. So we are somewhere between the two. 

MR. LASKIN: But that's the electron microscope, 
15] what you are showing us there? 

| THE WITNESS: I'm showing an electron micrograph 
with a circle representing the minimum diameters that you would 
beable tomscemon ane optrcalsmicroscopes. VSOrryY =... Ghats Srignt, on 
ansopticalymreroscope. W Yes ayou tare right: 

MR. LASKIN: Just one question on the last slide 
" where you showed the interlaboratory differences. Were those 
differences completely as a result of the different judgements 
applied by the different persons who looked at the membrane filter? 
They weren't differences in counting technique or anything else? 
THE WITNESS: They were using the NIOSH method 

95, aS written down. Beckett and Walton did publish a number of 
reasons for disagreement between operators, and they came to the 
conclusion a long time ago that such discrepancies could only be 
resolved by having the different operators looking at the same 
field of view in a microscope and discussing the situation live. 
It was not possible to produce a method written down which one 


operator and another operator would get the same answer consistently. 


J 
! 
J 
! 
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MR. LASKIN: So those different answers were 
because different operators viewed the same filter, the same 
Slide, differently? 

THE WITNESS: It may have been different 
judgement, different microscopes, minor misalignments of 
Microscopes, One doesn't necessarily expect that an operator 
fully understands the equipment and he may come to the instrument 
to do -a count and find) that afterwards it was misaligned. 

You don't need very much misalignment, of course, 
EOuCause “ar Change on Liber Vvisibrirty = Slt Ls very critically 
dependent on accurate alignment of the microscope. 

DR. UFFEN: And even the depth of focus. 

THEW Ne Sore Ole Loetwese a porn that. dian t 
mention, the fact that Beckett and Walton also reported that the 
Wie COAnK Vee was DeCKetteitiminat a told; el beg syour pardon... 
reported that one of the failures of operators in getting the 
low result was their failure to rack-the focus up and down 
so that they were looking throughout the depth of the filter 
where the deposit is, and therefore missing fibers because they 


happened to go in and out of a roughly one micrometer depth of 


20) field. 
You can go on to the next slide, please. 
In any airborne size distribution we have...where 
are we here...oh, yes. JUSt COMmMake Che polnteagain, of visibility, 


we have in the upper figure a phase contrast micrograph as seen 

25 of an airborne asbestos distribution on a clear medical filter. 

This is prepared by the Asbestos International Association method. 
The arrows on the lower photograph point to fibers 

longer than five micrometers, which are visible in a scanning 

electron microscope image, which do not appear in the phase 

contrast micrograph. Now I will agree that we are not ina 

30} position when we take a photograph in phase contrast, to do the 


racking up and down of focus. So some of those may be found by an 


_ 


AG 87 (6/76) 7540-1171 


dessettib’ aset seed ven ot ieanensie 
4 io sitemap | laa satel seenca Dist Sneistszh . Sdmpmeriees 
14/98 FeqO -eu8 decks JOPERE Qlivenesten S'Aeeok. sna Asqobscusis 
fayerigect ads of Sho YAS wt Boe saveqbepe-sid> thiyeessour yes 
hongifewtn sau 2). bbrneretts: Sed¢ bods tee Jouco 6 ob 62 

harne to \ tien iplipaba’ doom gre bean 2°ROk wot 


VEibods lin Qiey. ai ot “ys ifiaietw 46it? VS neatds &. fat6? os 


‘eyoorosodm A4s Jo JAgNASLIe shGtidoss ae siitBiugeeb 
a3e9 30 Usgeb edt fies bak <hr yt 
S’abah L .Jadd seseg. © Sb. dads’ .eid 20 TI oe 
ats fan? Set itogs? Gals qoesiayW bas: o28e90eR jad) you? «dy ,soLts08m 
_ iihsey teey ped 1. .F1612 g24°2-82 J30svak eeu J1 Bens Pi. 
ae palviep fl ainger6q0 To earyliay ef 70 ese 23°) Bovsogsns 
svob 66 Gp ewogd @i7 A0as GC) @Uhie) tio? eau sheds Wl 
Yeolil eft ae tsb of TiHIUAPCI7 AT Qelsorl ateu Gers seit ox 
Vats' @eysued eves: puttenio wietassd9 BSE .oi Sisceyeh @2s s15iw 
io ¢24q6 tepecuse ia ane yiviguss 6.90 Jeo Ban ai of ‘os henadced 
, : -b14as3 
wendla gtlAda son eds 03 no 6g. des 46t 
ayaiie...e%el GU dodsuesrdelb-ssie onshhi fe ye nt 
iqaslléiude co atagpr tnleqg ads. @lsn 0d wt ' sdey vid. ..0787 ew ma 
pede ws HpAtgoasda Jenwbne berg w SIRgL? TEQnY. ee Gs Wed sy 
wathit Levitaw itso @ a woléudiasalh ectegdaes savaidtrté mm *0 
oodien. oalsaleoeak Lenpisearseaat’ Weseedek ons yO bereqeg 2 sity 
e1edt? a7 gasog deetpesoig 16eOl ond co 
Pelainse 5 ab Ridigir, ace pevagceeneetner abe? edlaese's 


par poms ea ; 


—— 25) = Chatfield 
THE WITNESS: (cont'd.) operator, but nevertheless 


there are features, very many of them, which do not appear in phase 
contrast image. 

The next slide, please. 

I have already dealt with this in some detail 
Gablier, bub this. is) nNOcastrIctly...we should not. interpret, the 
axes Of this graph rigidly, but that is what a size distribution 
of fibers would look like...a length distribution showing the 
number of fibers on the vertical axis and the length of the fibers 
10; along the horizontal axis. It is a logarithmic normal distribution 
of length, and so the distribtion is skewed. 

If we then look at the continuous line, that 
is intended to represent fibers of all sizes, all widths and all 
lengths. 

The dotted line represents, of those fibers, 

" those which we can see optically on account of their diameters 
being large enough. So the only part of that distribution we 
actually measure by current techniques is the portion which is 
shaded white, above the five micrometer mark on the horizontal 
ep ates 

20 MR. LASKIN: What's the reason that we don't 
measure all of the rest of the fibers that we can see on the 
Optical microscope? 

THE WITNESS: Well, first of all, the judgement 
of diameter is rather difficult when you are working as close to 
the optical visibility as this. What we have, if we have...say, if 
25; we take a one micrometer fiber length, which is one reason why 
I have cut that distribution at one micrometer...if we take a 
one micrometer fiber length, a three-to-one aspect ratio would 
mean that we had roughly the optical visibility of about point 
three micrometers in diameter, so we are looking at an interference 
fringe. We are not really looking at a width which we can 
measure, and I think subjectively you cannot discriminate fibers 
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THE WITNESS: (cont'd.) from other features 
in that area. 
So the five micrometer limit is a reasonable, 
5} practical cutoff from the measurement side, from the actual point 
of measurement. 
What we are intending to show there as well is, 


because we are measuring such a small portion of that graph, of 


7 by the area under the continuous curve. Because we are measuring 
such a small proportion of that, when we come to vary the number 
that we see...in other words, if the number longer than five 
micrometers changes...we really have no idea what has happened 
EOvEhat, Continuous! Curve. tt ats NOtLua Lellabve ING! cCator OF 
what is going on below there. 
15 If we can go to the next slide, please? 

One of the other complications has been that 
with the gradual improvement in atmospheres in workplaces as a 
result of the introduction of engineering controls, there will 
have been a change in size distribution, both in length and in 


diameter. The overall effect of that will have been to have 


at shifted from the broken line to the continuous line, and once 


again we are just measuring the portion of the curve above the 
five micrometer mark. In the case of the continuous line, we 


are measuring the solid shaded area only. The hatched area there 


is intended to indicate the total number of fibers longer than 
oe five micrometers, as opposed to those we see optically. 

So once again we may have, if you look at that 
you would say, okay, we are going to have a big change in the 
numbers reported longer than five micrometers as we shifted that 
size distribution, but the area under those curves is not really 
changed very significantly. So in terms of the total fibers, 

30) a reduction of long fibers may not be a good indicator of what is 


qolngaon-. 
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the total fibers, the total fibers would, of course, be represented 
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/ THE WITNESS: (cont'd.) Now, we can make one or 
two comments at this point on the fiber counting rules which we 
have already dealt with briefly. The rules for counting fibers 
5| were established in a method so that specific geometrical arrangements 
of fibers are counted by different analysts in the same manner. 
This is not to say that any defined manner has any biological 
Significance. It is just a means of improving the interanalyst 
reproducibility. 
Counting of single isolated fibers doesn't give 
10| any problem, usually. It's the bundles, random aggregates and 
fibers associated with other materials where there is controversy 
about what to do about it. 
The common rule is to disregard the fields of 
View which are overloaded with debris. The conventions adopted 
e for complex aggregates nowadays range from disregarding the field 
of view, as I said before, to counting each aggregate as perhaps 
up to eight fibers. 


The asbestos cement industry would find that 


it would increase the numbers reported in that industry. 


20 It is obviously important to consider what we 
should do with these things. The large aggregate shown in the 
Next slidewis an electron...a, sCanning electron micrograph again: 

You see the magnification marker there indicates 
that the majority of the fibers in that aggregate are longer than 
five micrometers. They are at the limits of optical visibility 

ao individually, so optically that thing would be perceived as a 

roundish-looking feature with the odd fiber sticking out of it, 

at the limits of visibility. | 

So one might say, well, this is just a piece 
of debris with a fiber stuck to it, we are going to ignore it. 
Alternatively, as you can see, there are probably 


30 
hundreds of fibers in that. It is also in the size range where it 


i if we started to do that, to count eight fibers for each aggregate, 
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THE WL eNrSoO se (COntl ad.) could be considered to 


be respirable, and one can only question what we should do with 
features of that kind. 

First of all, optically we can't see them, but 
even when we can see them in the electron microscope, what do we 
dOscDOUC EL NdtaninUwOLmredtUre: 81 Contains: a Lot, Of tipers. 

Go on to the next section - detection limits of 
phase contrast methods. Detection limit is about point one fiber 
10) per millilitre. This has been published in a number of areas. 
The AIA analytical method specifies that it is generally agreed 
that point one fibers, that the limit of detection lies somewhere 
between point one and point five fibers per millilitre. 

If we assume that point one is the best we are 
going to get, then all values...we must not consider these values 
ol eys Single numbers. All of these things have a confidence interval 
around them. 

What this means is that it's really questionable 
whether point one and point two can be shown to be statistically 
different using the current methods. We have filter backgrounds 
20 tO take accoune Of, which further complicate the issue, but that 
has some consequences for enforcement of a point two fiber per 
MilUViitre standard tor Crocidolite. One” vs noc able” to relvaply 
say that the maximum is different from your detection level. We 
have a problem. If you run an ASA poll in places where you know 
there is no asbestos, then you will get numbers in the vicinity 
25} of point one cropping up very frequently. 

DR. UFFEN: Could I ask a question here? I think 
Po Deqins...nOt In your Coday's Dapper, but we was in “a” similar 
section in your previous paper, tab eighteen, page nine. You made 
a statement which has an expression in it that I am not sure 
whether I understand. It was, "It's not knowwhether the fibers 


observed in the optical microscope are the ones 


G 87 (6/76) 7540-1171 


rad yeionlt ang Ae na Sepia ital 


ht O& Pere! piiise drs. soyres — Sas rep at mad Are 
RNA D0 BSE a eae SE temmagee Yo halts aba ctods ob 
Sey et kee noisnaiss - neice yea Gao. Of wg od 
PSELS aNG shiny ‘suede a timit, aeispptes | wenndes Seassnen! se éAb,’ 
29096 29 oSelyerary- ts teh bohtaLtéan e600 eff wid”. .. a7rSidiliin +95 oF 
bposye {lavanay sc Th Sedg sehaneet bots ys Ferl aise ala ov ( , 
eisawenye agi! Go tvoninth in Sint end Jaks. yk atl? ea0 rng Jets 
Seer lid te eq wane ays Jeg Aow wag Snit'y nsswied. 
ers. eo 3298 303. eb. shih Sepdene Sef) Senees ww 21 A. 
seriny Heevla tehienos acc 4eum Gai s.eetser {16 gant , 349 ad gnicp |. 
lovin! adepolanom 6 over enagde sinh S99 fla erotnen. mpgs 2) en i 
Mens Daas a4 | 
aitemivasup _ileda! 2 4) Sine gd, Snsed wit 2rd - 
Vilasisgites¢ 04, ad nwods ue net 64! Infecc Oae sim 4nfoq gancete 
Rhnigy p456<. 1N2ePs rad Bh ehatirsis S06¢tt7 344 saseth. FRapeI 
Pei? iG, ,guéel arg Ee $5A9SE}. sO Sfo0 aa, 1i'OnD ek, akay Os 
Je) TEGsk TS IAG, A ie Jagtsoge3ae 204 boat esas bune eo 
“ldeiles ‘ps aide. sen 21°40 - ste Toki poss vet babi de exit a 
ey. .tavel nolds ages, 2ué4 wos’ specs 1h a) @aigigen 547. 7am? Yee | 
alway eisde seasig at Meg ty hood nies ancy $14 \eaidhse se eA i 
ednios wot mi easiatve TOR. ere ments, sdernedye vi et ata i 
) 2” On i one Rea ait 


satay f Fenad agisenyp re 
Taiicta £ a nsw Sh : 


10 


15 


20 


25 


87 (6/76) 


— 29) — Chatfield 

DR. UFFEN: (cont'd.) "responsible for the 

health effects, and it may indeed turn out that 

the index of exposure is not related to this 
measurement at all". 

Do you remember that statement? What is the 
index of exposure? Is that something that I should have known 
about by now? 

RHE QWET NESS & NO 

DR. UFFEN: Okay. 

Tite WEONESSisr Widen thehink te sbitdetn rewanycring, 
but I would personally think of an index of exposure as something 
which is related to a health effect. In other words, a number 
that wbecareise, totsay Gthistnumbern, sifectsi.high, there 1s a’ high 
potential for giving health effects; this number if it's low means 
there is not much of a health effect. 

But wintorttnacely 2% 

DR. UFFEN: Is there an index being used by 
other people? 

THE WITNESS: No. I would think we need an index 
Gath fs) Kandy 

What I am saying there is that if I measure the 
number of fibers longer than five micrometers optically, and I 
measure the number of fibers longer than ten micrometers optically, 
I don't necessarily find a relation between the two. I don't find 
them going parallel. 

The problem here is, of course, which one should 
we take? We have selected something rather arbitrarily at five 
micrometers, when in fact ten micrometers may give a number which 
is more closely related to the health effects. 

Thisitais “ust moe iknown, 

DR. UFFEN: Is it possible to define an index of 
exposure in such a way as to get international agreement or general 


agreement? 
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30. Chatfield 

THE WITNESS: I think one would have to speak 
to medical people on that, I suppose. 

Purely from the measurement side, we are not 
able basically totsaye peel thave, =1£9 putva cut in. aYsize 
distribution of five micrometers and elect to measure only everything 
above that length, then I am not sure how steeply that size 
distribution is behaving at that point. I may very well make a 
measurement of, say, essentially zero larger than ten micrometers, 
“P but have ten fibers, say, longer than five. 

Now in other words, the distribution may have 
suibfered gavcutorieat Ghatspointse1So'by measuring’ at “that point, 
I would say there is no asbestos. But by measuring at five 


micrometers, I would say there is asbestos. 


What I am saying is, the two measurements that 
15; I make with those two different cutoffs, are not necessarily 


related. 


DROAGUPREN:? @tli“wetdid try*to have an index of 


exposure, would it also have to take into account where in the 


| 20 


lungs the exposure was supposed to have taken place? Would it 
have to be both the measurement of the particle and where it came 
from? 

THE WITNESS: It is certainly going to be related 
to fiber size. I think this is one of the problems that has to be 
faced...should we be having the indices of exposure related to the 
total distribution, or should we be having them related just to 
specific-sized cut? 


25 
DR. UFFEN: Exposure to me is a target anda 


| 
_ 


productile, okay? And we are talking at the moment about the 
producti less’ Without! iawtargety; ‘there s* no “expostire;" so ‘should 
we also be talking about the target before we could have an index 
of exposure? 

THE WITNESS: Basically, we need the medical 


people to say what the size...what the fiber dimensions of interest 
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ee eee Chatfield 

THE WEINESS: (contid.) are,~those, that.are going 
to get to that target. 

Trewercanggo On, to the section two point six in 
this document, the proposed regulations in Ontario specify different 
standards for chrysotile, amosite and crocidolite. We need guidance 
in that methodology on what to do about the mixed-exposure situation. 
For various reasons, these minerals are used in a mixed form and 
if an intermediate standard is used...supposing we say, okay, we 
are uSing ten percent crocidolite and ninety percent chrysotile 
in this plant, let us use an intermediate level of standard, then 
that does not create a very satisfactory situation for the person 
who is unloading the crocidolite. He is exposed totally to 
erocidolite.F So 1f we wank to control him at point two, if we 
want to control somebody else who is only handling chrysotile at 
one fiber per mil, we have a problem in the intermediate situation 
because we are using a nonspecific analytical method. There is 
no twdentiim cation anvolved »sso,we,,count. fabers. 

MRE GASKINesuSOnwhat, vou ,sare savingels 7. Le 
you've got a work environment where you are using more than one 
fiber type, and you've got differing standards for those different 
fibers, “yvoujare not igoungeto bewable: to use whe optical microscope 
to assess whether there has been compliance with those different 
standards? Is that what you are suggesting? 

THE WITNESS: Not unless you use the most 
severe standard. 

MR. LASKIN: I see. In other words, somebody 
iS uSing chrysotilepinyaspareicularyplant, 1f you. apply the 
Ontario proposals one would have to meet the crocidolite standard, 
but you won't know from the optical microscope which fiber it is 
he has been exposed to? Which fiber type? 

THE WITNESS: What I'm saying basically is, if 
someone introduces crocidolite into the plant, the only way of 


control, using the existing method, would be to control the entire 
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32 = Chatfield 
THES Wei Nesoe (CONtLd.)? Dlant@at point! two 
MR. LASKIN: At the most stringent standard? 
THE WITNESS: Yes. 
MR. LASKIN: Because of the inability of the 
optical microscope to distinguish between fiber types? 
THE WITNESS: Yes. 


DR. DUPRE: I presume that your message there also 


suggests that simply they're technologically determined by the 
optical microscope, if you go to another type of instrument? 

THES WEINESS: DOh technically @tris certainly 
possible to discriminate. 

DR. DUPRE: That statement that you made does 
noLeimplys tae 

THEGWETNESS -S@Nooy If@yourgontolanotner 
instrument then fine, you can do something about it. But as the 
proposals stand at the moment, if you have crocidolite coming in 
at one door and chrysotile in at another door, then you have a 
whole spectrum of different exposures - exposures to the different 
Minerals, and it is difficult to know exactly how to apply the 
existing standards, because you are wanting to control at point 
two for crocidolite and one fiber per millilttretfor’chrysotiles 

MR. LASKIN: Is the other method that you are 
suggesting here that the optical microscope isn't sensitive 
enough to control in any meaningful way at point two? 

THEAWELINESS:. tYes. 

MR. LASKIN: You are suggesting that? 

THE SWLINESSSeeln the wAlAymethodare does -in “tact 
specify that it is not possible to improve on this detection level 
by filtering more air. 

MR. LASKIN: Is it, in your judgement, your 
professional judgement, is it sensitive enough to measure in a 
meaningful way at one, at a standard of one? 


THE WLINESS7@8At atstandard sof one’ itis" ‘ten 
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- 33- Chatfield 
THE WITNESS: CeOnt.tu.) times the standard 


deviation that one normally encounters. It is a meaningful 
Medsurement JaGsone: 

DR DUPRE we lom iia tod b CO, say cha ce Lh Voll 

just constantly use an electron microscope, at this point what 
you say in paragraph two point six does not apply? Everything 
that is stated in paragraph two point six is conditioned by the 
assumption. that optical imicroscopy...... 7 

MHE WLINESS: Yes, certainly... Yes. 

MRewLACK ENG bio. Chacriclda, I. don't want to take 


10 


you out of your paper any more than I already have, but following 
up on what the Chairman has asked, will you at some stage 

discuss with us today whether there are any options in the 
workplace, in your judgement, having dealt with the subject, that 
15] are practical or feasible? 

THE eWOCINBS Ss eYes,. lo will do. that later on. 
Actually that could be left until after lunch. I have some 
slides which will demonstrate what we are talking about. 

The other thing of concern to me, because we've 
come into this problem on a number of occasions, is that asbestos 
29 regulations based on phase contrast microscopy, if they are applied 
to an industry or occupational group where the materials are not 
necessarily asbestos, they are something else, supposing I say I 

GO UIntOva Sp lLantewhere vermiculite 1S being Used.....there 1s a plant 
in Rexdale which is doing just this...and I come in and I take 

95] @ phase contrast optical count because someone is worried that 
there is fibers, asbestos fibers, in the air in that plant, we 
get results. We will get fiber count results out of that method, 
which they are all counted as asbestos and there is absolutely no 
way that this phase contrast method is capable of handling this 
situation. 

If we can go to the next slide, please? 


That is a phase contrast micrograph of the material 
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- 34 - Chatfield 
THE WLINE SS: (cont. a. ) found in a vermiculite- 


using operation. As you can see, there would be no problem in 
finding a number of fibers in that field of view. And indeed, if 
we go to the next slide which shows some of the actual numerical 
data produced, you see that we have personal and static samplers 
run in this plant, and everything counted by the appropriate NIOSH 
method. You see we have fiber concentrations varying from point 
six, Lough Y, POL. 1iVernine, down. CO, point one, 

10 Now, this is a fair proportion of the standard 
of one fiber per mil that is being suggested, and electron 
microscopically there is, in fact, no asbestos in this material. 
If asbestos regulations are applied to all of these peripheral 
THAUStI res, Such as Cne VeErmiculite, talc, tron mines and such; 
then numbers come out. They are not asbestos fibers necessarily, 
iS putethey are numbers, and the. ditricubt here 1s that 1t.4s5 a 
totally inappropriate technique outside of the asbestos industry. 

In the asbestos industry we are assuming that 
every fiber that we find is asbestos, and provided the engineering 
controls keep it below some predefined limit, then everyone is 
aes reasonably happy. 

Here we have a situation where you need to 
demonstrate that asbestos is present in the first place, and the 
asbestos regulations do not require this. A phase contrast fiber 
count is made in an area where asbestos is suspected to be present. 

Now, I would add one other area here, would be 
26) tne gypsum andustry. It yOu were €o,go 1nto,a gypsum plant and 
you had any suspicion that asbestos was present, you could run an 
air sample and you would get very large fiber counts, because the 
gypsum is often present as assicular crystals with aspect ratios 
greater than “ten-to-one. 

If we could go to the next slide, please? 

The next slide shows the actual electron microscope 


results we obtained on the same filters from the vermiculite 
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THE WITNESS: (cont'd.) operation, and they 
were indeed below our levels of detection, longer than five 
micrometer fibers were below level of detection, and indeed 
everything else was very close to our level of detection. 

Mineralogically we have demonstrated that no 
asbestos is present in this particular material, and yet we are 
getting high numbers by phase contrast. 

The basic problem here is that the asbestos 
regulations must only be...workplace asbestos methods must only 
” really be applied to those places where asbestos is present in 
very large amounts. Other occupational groups where the potential 
exposure to asbestos is limited to its mere presence in the 
building as still pazteof: thesbuiidang structure, or alternatively 
has been used in there at some time, you should not be subject 
15| to the same standards as an asbestos worker whose health is under 
surveillance. The analytical method we have here is totally 
inappropriate for this situation, and the occupational levels applied 
of two fibers or point two, whatever we care to use here depending 
on the type of material, is an inappropriate exposure for someone 
other than an asbestos worker. 

20 Now, at this point you get into the rather 
diffacults Copicawhich, IH spoke.about, just, before, last. Christmas, 
of the definition of asbestos. If you are presented with an air 
sample and nothing else, then it is very difficult to define 
asbestos on the basis of the particles you find. 

os In the talc industry just because we find 
tremolite or anthophyllite in the sample doesn't mean to say 
that asbestos fibers are present. The mineralogical material 
may mote besithel mahbrouswhabit st mave not, be; the tibrous. form. 
And so a simple x-ray diffraction measurement in these cases 
doesn't show that the material is asbestos. 

There are two principal aspects here. Firstly, 


the application of this phase contrast method, because it's 
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THE WITNESS: (cont'd.) convenient and inexpensive, 
should be restricted to the well-characterized situations which we 
find in the asbestos industry. The other question we have to 
address is how we are going to define asbestos in industries where 
mineral fragments, assicular crystals and perhaps even asbestos 
fibers in some cases, occur in the material being mined. There 
is also then the question of definition when we are reporting the 
presence of the various forms in consumer products. What concentration 
of asbestos can we accept in cosmetic talc, what concentration of 
asbestos can we accept in building insulation? We are never able 
to demonstrate zero, so we end up having to say some number or 
other. 

Obviously, one would treat talcum powder as 
something rather different to building to insulation. Talcum powder 
is applied to the person, the building insulation is very largely 
applied and then sealed up in some way. 

Can we have the next slide, please? 

Just on the electron microscope, I'll just point 
Oue that that«§1s*a-Afqn-magnit picatiron -micrograph-ofra-single 
ehrysotile fiber, and youenoteythe*tubular=structtire*or that? 

If you go to the next slide, there is a problem 
of definition when you come across something like that. It's the 
same diameter, it has some evidence of a tubular structure. That 
uoethetmaterral@whrch@yourwi lie find in-a=vermiveulites “lt tsa 
vermiculite plate which is rolled up. It is not asbestos by 
normal definitions, but we have a grey area here. 

If we go to ambient atmospheres, the airborne 
fiber concentrations are generally a lot lower than they are in 
the asbestos plant. The character of the airborne material is 
alsovdriterent. -"?rheviibers »areSpresent, but they are=not all 
asbestos. In outside atmospheres in particular, chrysotile 
asbestos is usually present as small bundles, very small bundles, 


or individual fibrils of the kind I've just shown, which are 
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THE WITNESS: (cont'd.) all below the detection 


Capabiloty of@optical Imicroscopy. 

This observation applies as well to the inside 

of buildings where asbestos is known to be present as building 
insulation, and accordingly most agencies, including the EPA, the 
Germans and the Swiss, have specified electron microscopy for the 
analysis of ambient samples of all kinds...ambient samples being 
outside atmosphere or water samples. 

Now, since the biological effects of the low-level 
: exposures are not known, we need some basis of comparison for 

ambient air analyses. The pressure is to demonstrate that a building 
atmosphere or an outside atmosphere is satisfactory. I can't 

define the word satisfactory for you, but when an analysis is being 
done, it is being done because someone wants to demonstrate that 

is| Gibherhasbestospistnet present tonsit’spbelowssomemstandard or other. 
The only standard we have at the moment is 

the Ontario Ministry of the Environment guideline which stands at 
point zero four fibers per millilitre, and that's fibers longer 
than five micrometers measured by electron microscopy. 

At the March, 1981, meeting in Luxembourg, 

20| of the International Standards Organization working group...and I'm 
the convenor of this particular working group...it became evident 
that this level is too high for acceptance by many countries. 
Detection levels in Germany and Switzerland, being talked about, 
are one fiber per litre...of any length. 

re Now, if we are going to compare, and indeed in 
Germany we are also talking about detection levels of point one 
frbernspec bite peagainaaetrbenrot sany elength? iby «compari sonstie 
Ontario guideline of forty fibers per litre longer than five 
micrometers in the normal size distribution encountered would 
correspond to a concentration of two thousand fibers per litre, 
if we are considering all lengths of fibers. 


Now we have been working to detection levels of 
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THE WEENEoOo ss (COnted.) -one fiber per litre inside 


buildings, and there is no particular difficulty in meeting this 
criterion in a clean atmosphere. But in the urban atmosphere if 

I was to take a sample outside in the city of Toronto, we would 
have difficulties in some cases in meeting detection levels of the 
Ontario guidelines - forty fibers per litre longer than five 
micrometers. The reason is the total suspended particulate. 

In order to detect one fiber per litre in the 
a Outside atmosphere, one may have as many as several milligrams of 
total solids on wthe falter, amongst, whicheyou are Erving: to 7rtind 
a very few asbestos fibers. 

Now we have agreed to leave this problem for 
the time being whilst we look at possible analytical procedures 
which will allow detection levels of one fiber per litre in urban 
15| atmospheres. In other words, that problem has been put in 
abeyance for about twelve months. 

It seems clear, though, that other countries 
may establish ambient air standards below that which we already 
have as a guideline in Ontario. Since the precise analytical 
method that we are going to use here depends on the detection level 
20 that we are trying to work to, there is a need to define an actual 
ambient standard that we can work to. We need to compare. 

We cannot comment on health effects, and therefore 
we have to work to a number which somebody is going to give us. 

We have to say it's better than the government standard. That's 
the only way we can deal with the situation. 


MR. LASKIN: Given that you are using the 


25 


transmission electron microscope and presumably measure fibers of 
any size, can you tell us what the thinking is behind setting 

the ambient air guideline in terms of only fibers greater than 
five microns in length? That is, the index on the optical 
microscope? 


THE WITNESS: I'm not going to make anything up, 
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THE WON ooreccout, d. me butga ts vourtake? the. ..1 


believe it was derived along the following lines: two fibers per 
millilitre for chrysotile asbestos extrapolated or divided by the 
total number of hours of exposure. In other words, an eight hour 
working day versus twenty-four hours per day for the full week. 

In addition, there was then the question of 
exposure for the full lifetime rather than the working lifetime, 
so we reduced the thing by a factor of whatever for the seventy 

10| Years total versus the working lifetime of perhaps forty years. 

We then have a factor of ten or thereabouts 
thrown in for good luck, and to discriminate between the population 
at large and the asbestos worker. 

It's a@mmmon thing to have occupational groups 
permitted to have larger exposures than the general population. 

15 MR. LASKIN: But leaving aside whatever the 
numberer1s, dotlataxcesitytromsthisklattie discussiongheresthat 
most countries, if they have gone to fiber counts in the 
environment, have measured all fibers and have not used the index 
that is used in the workplace with the optical microscope? 
THEIWSENESS :woks, far as maknow;! Ontariojyisithe 
~ Only oneswhich! hasidonerthiswparticular, gonexthis particular 
route of specifying longer than five micrometers, and I personally 
don} tiseepeny panticudar justiticataons forait® 

DR. UFFEN: I think we are going to mark the 
transcript right there. It seems if things have unfolded as 

95) COUunSel has indicatedgan\thenquestion jiwerares finding, that 
fundamental difference between the specifications and the ability 
to measure or interpret, and yet they seem to persist in the 
guidelines or regulations. 

The guestion of a standard for ambient levels, 
this has been raised recently with us too, would you expect that 


there could be a single standard? If you are working out 
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and it's relatively clean, and if you were working beside the 
Nanticoke generating plant at Burns Cove, it would seem to me that 
the background could be quite drastically different. Or in 
northern Europe or in central North America. 

Is there such a thing as a natural background 
free of manmade problems? Just those due to volcanic dust in the 
air and things like that? Is this being investigated? 

10 THE WITNESS: There are some publications on 
natural backgrounds, and obviously that cropped up at the time 
when the building questions arose, the school buildings issue, 
in that our procedures at that time were that we are not ina 
position to make medical comment, but in order to say is there 
any COntrrbDutiony from a building insulation to the natural 

15} background, we have done a few measurements inside and outside of 
buildings, and generally we find fibers. There is absolutely no 
doubt"thart cone does find a natural background: 

But very largely the buildings have not in 

fact given any fibers above what we would expect to find outside. 
Now this would be against the work, or in contradiction to the work 
a done by Sebastien in Paris, who has done an extended study in Paris 
inside buildings and outside, and he came to the conclusion that 
anything more than about...I believe he used the figure seven 
nanograms per cubic meter...was in fact a contribution, a real 
contribution from somewhere. 

25 Seven he would encounter everywhere, or numbers 
up to seven he would encounter in many locations. 

DR. UFFEN:  S@ven nanograms? 

THE WITNESS: Nanograms per cubic meter. 

DR. UFFEN: Per cubic meter. And we have to 
translate that into fibers somehow. Has he attempted to do that? 


THE WITNESS: Yes. What we have to do here is 
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THE WITNESS: (cont'd.) determine how the 
measurement was made. If you encounter a nanogram per cubic meter 
Figure, that has usuallyapesceriVvedsby Coing a fiber count numerically 


5} and then computation of a mass from the size distribution, assuming 


fibers and multiplyeitwebyethie density..aThat's show most of the 
nanogram figures have been derived. 
MR. LASKIN: So most of the nanogram measurements 
Be that we have seen, in your opinion, are not direct measurements 
of the mass or weight? 
THE WITNESS: You would have to look at the 
individual papers, but very largely they will be computed masses. 
DR UPFEN: “Nou solely trom tibers, “Lrom 
particles? 
15 THE WITNESS: No, it would be computed mass 
of fibers. So in other words, you identify each fiber in turn 
and then measure its dimensions, its diameter and its length, and 
compute the volume. So you have in fact eliminated particulate. 
You've only accounted for the mass of fibers. 


DRe UEFPEN: J lamigqoing back to something that 
20 


| the density of the material. So, calculte the total volume of 


you weren't here for, but we were talking about a little triangle 


of fibers per unit volume, particles per unit volume, and nanograms. 


There seem to be a possibility of two conversion factors whether 
you are converting from fibers to nanograms or vice versa, or from 
particles to nanograms or vice versa. Is that correct, that 
understanding? 


25 
THE WITNESS: Yes, it would be. But if we are 


measuring asbestos fibers and reporting those, then it would be 


the fiber conversion to nanograms that we would be dealing with. 


particles, of which asbestos fibers were only a part, then their 
30} conversion to nanograms could be different again? 


DR. UFFEN: If somebody had been measuring 
THE WITNESS:.. Yess 
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DR. UFFEN: Unless they knew the relative amount 
OL hiber, tor particle? 

THE WLINESS: Well) of Course,+1tf you are’ going 
to do that, then you need to know the identity of every particle 
you do it with because you have to use a density. 

DR. UFFEN: So then the nanogram measurement, 
anything recorded in nanograms, requires a great deal of 
interpretation? 

THe WLUING So: QYes. 

DR UEHION se toanks . 

“MR. LASKIN: What is the utility of a nanogram 
measure? Why are measurements made in nanograms as opposed to 
fibers? 

THE WITNESS: There is a school of thought that 
says that if in the analytical procedure it is sometimes necessary 
to, before preparing the final sample for counting, it is necessary 
EGO destroy. Oraget rid: of much, of the: other debris. 

In other words, take an air sample, you may have 
ator OL Organic debris, s tibens, of cellose, particles of pollen, 
and, oda sthings or thisekind,. and this Ras torbe....1f you, can get 
rid of that from the analysis, it makes the analysis much easier 
and you can work to better detection levels. So the procedure is 
to ash the filter, and then to redisburse the ash ultrasonically. 

Now there is a school of thought that says that 
that disturbs the size distribution, and therefore since we now 
no longer know what the original sizes were, it iS no use reporting 
a fiber count. But even if we have broken them down, the mass 
will have remained the same. They may be different lengths, but 
tnesmaterialvis sta Liothere,. still sdentifiable,. and, we. can count 
the fibers and then we can compute the mass, even if we had to 
assume that our particles are broken down. 

So the nanogram figure is introduced at that 


point by saying well, we are not able to measure fiber numbers, all 
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THE WLTNE SS: = (Cont.da.) we can do is really to 
report a mass, to be reliable. 

MR. LASKIN: If one were going to set some level 
Or standard in the environment, leaving aside whatever it should be, 
is it your professional opinion that the standard should be set 
in terms of fiber count or in terms of a weight or mass measurement? 

THE WITNESS: Since the best information we have 
at the moment is that fiber numbers seem to be the biologically 
important criterion to have, I would say a number count, provided 
we have the analytical methods to do this. 

LE we can, goon to analytical criteria for 
ambient air samples, and this is in fact. a. continuation of what 
we were just talking about, the mass concentrations and numerical 
concentrations, and also identification criteria have never been 
specified in any of the methods that have been published, and how 
to handle the bundles and aggregates again, these problems are at 
least as serious as they are in the phase contrast method, but on 
the other hand we can at least see them. 

If you look at figures eight and nine, please, 
which are on the same slide, this is...these are photographs on 
electron micrographs of aggregates of material from a serpentine 
deposit. I don't know where the samples were collected, but 
the problem was, basically, of a rock-crushing operation associated 
with placing material on graded roads. 

We have here the upper picture, what is seen 
on an electron microscope. Now, we have a definition problem here. 
We really don't know what to do with that thing. It is almost 
certainly respirable in size, it is of the order of size to be 
respirable, and we have a lot of fibers SCICKINgG OUte Ole! tf witcn 
we can identify as chrysotile asbestos. Those two little spikes 
sticking out we can identify. 

Then comes the definition problem - what do we 


do with that in the way of incorporating it into our measurement in 
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PHEW Ne oot rCCGnt a.) actual number. 


A scanning micrograph, the lower picture, shows 
that if you look ate1t in the;SEM so that you see the overall 
morphology of the particle, you can see that a large amount of 
thatimatertal ac in tact srupDrous. 

Now the question we have to answer, are we going 
to say, do we break that lot down ultrasonically and assume then 
that we are getting the worst situation in the measurement, or 

HH Whatredre we GOIng) tTO.dOuwith Te." DOotwe break 1C down of noc? 

This Criter1on for analytical methods 1s 
needed. 

DR. MUSTARD: Can I ask you a question? Having 
listened to all of this, would I be right in concluding that the 
fiber count technology that has been applied to all the 


15| epidemiology that we've had, which is optical, suffers a very 


serious problem in that what they are counting as fibers are, 

in many of these things, there is a risk that these blobs are in 
there, in their counts, because I think you showed us earlier on 
that they can look like a fiber in the optical system? So that 

in effect we do not know what the health hazard is of this material 
oa LNecouLS corm: 

In other words, that if we are talking about 
fibers, we are talking about optical definition of fibers which 
includes conglomerates of material, and that the question to be 
raised 1S, 1S that stuff a real nNealth risk as well” in that form, 
9, and therefore has anybody done any animal experiments putting in 
exactly that material to see what happens, or are we left with a 
very important open-ended question that we simply do not know the 
answer for? 

THE WITNESS: It's a very important open-ended 
question. That material would in fact be excluded from any 


30} optical fiber count. 
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DR. MUSTARD: But some of the innocent stuff 
in that form, you showed us one earlier on... 

THE WITNESS: Oh, if it was elongated, then 
that thing would be called a single fiber according to some 
definition or other. 

DR. MUSTARD: Now, these conglomerates, do you 
know if, for example, in the mining operations they get this 
kind of material in the system? You indicated that the cement 
operation tends to get this, and the textile area. Do you know 
anything about the frequency where this kind of stuff contaminates 
the counting system? Have you done any studies on that? 

THE WETNESS] t-don t know the frequency of it. 
Theoretically };eof tcourse, sit *can occur, rand: “because certainly 
chrysotile asbestos occurs in seams and during the crushing operation 
you will get fibers coming away with a large lump of this material 
attached. 

Again, the work has probably not been done. 

DR. MUSTARD: So that the meaning of so-called 
fiber counts “in the’ diteferent-areas’rrt this *hasn’t been resolved... 
would have to be very, very carefully interpreted? 

THHAWLINE oo s "Li t's GOIng to “be applied “co 
an epidemiological study, certainly. 

DR DUPRE: Wust pursuing’ Dr.” Mustarda’s dine 
there, I am beginning to wonder if what you are telling us here 
doesn't once again raise the serious question on these 
epidemiological studies of whether the dust particle counts should 
indeed have been converted to fiber counts. Because presumably 
if you've got the old particle count, if everything is aggregated 
in there as it is for these historical reconstructions, and of 
course there is some controversy always as to what your conversion 
bactorms Omg, tot beystiror aust=to- fipers, “but what=you tell us 
here to some degree shakes my confidence even further in what the 


conversion factors Mit youywant to» change dust to fibers, might be. 
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DPResDUGRE een COM vd.) mA wcewlOng LO. reeling 
little shaky? 

THE WITNESS: No, you should feel shaky at this 
Do uit. 

May I make a point that that particular example 
there is not a commercial asbestos mining operation. That is a 
rock-crushing operation where that rock was being used for graded 
road construction. So that is not a commerical chrysotile operation 
1h at all. 

MR. LASKIN: Is one of the other messages that you 
are trying to convey that if we are looking to set some kinds of 
standards in the future, it is not enough just to set a particular 
fiber level, you've got to put beside it specific counting rules, 
Specific instrumentation and so on? 

be THE WITNESS: Yes. A methodology printed on 
its own without any definition of what you do with things like 
this, apart from ignoring them, really is open to every analyst's 
interpretation, and his own individual interpretation. 

MR. LASKIN: Does that mean that even the 


20| epidemiological studies that are being done today may be producing 


very Significantly different results simply because they've got 
different counting rules or different definitions or different 
instrumentation? 
THE WITNESS: It may produce different results for 

a number of reasons. That is, there have been a lot of 

25 interlaboratory comparisons made in the last few years which 
probably has improved the method from what it was, say ten years 
ago. But it leaves me feeling worried when we are, at the moment, 
discussing whether or not we should count one of those things 
as eight fibers or ignore it altogether. The consequences on 
the number that comes out of the measurements can be enormous. 


MRE LAS KING “Dr. UETen] 
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DR. UFFEN: Another thing that we should draw 
from what you have just told us, that is I think new, is that with 
respect to the ambient situation, other countries are likely to 
5! use the...either transmission electron microscope or scanning 
electron microscope, and set standards very much more restrictive 
than Ontario guidelines, and that this may come about fairly soon? 


Shall be shortly established. Does that mean six months or six 


Mea tS Ol rater 
ie THE WITNESS: I really don't know. The pressure 
LS On in Germany. “hat"seone of the only things I can ‘say. ~The 
pressure is on to make measurements at this kind of level of 
sensitivity, and thereby is a question. 
If international standards organizations get 
into the business of designing a methodology to detect, say, point 
qe) One fiber per milliiitre.. sorry, pointwvone fiber per litre, are 


we then encouraging the legislators to come in and say, okay, now 

we've got a method, let's legislate at that level? Or is it the 

other way around? By merely making available a method at this 

detection level, one may encourage legislation at an artificially 

low value. We don't know what value we should use. We wait to 
20' be told. 

Of course too,no one has actually demanded this 
apart from the pubic. 

DR. UFFEN: Is the International Association on 
whose committee you are chairman, is this a voluntary association 
oe im whicheCanadasastasvoluntary«members: vOr as 1t.%%? 

THES WETNESS: §2SO is*an international organization 
based in Geneva, and the Standards Council of Canada is the 
Canadian member of that organization. 
DR. UFFEN: There would be no legal obligation 
on Canada to accept the international standard, but there would 
30} be other pressures because we have been members of this, to 


sYeletoeis ints 
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- 48 - Chatfield 
THE WITNESS: There is no legal requirement. 


The usual thing that happens is that countries do adopt the method 
with...sorry, in some cases there.are minor modifications. It 
helps for intercountry comparability, and this sort of thing. 

DR. DUPRE: The method, not the standard? 

THE WITNESS: The method. 

DR. UFFEN: What about the standards? 

THE WITNESS: The Standards Organization would 
“ee not set a standard...an actual airborne level. 

DRasVUEEENteh In Our, homes, asiftarsas.Ontario is 
concerned, in Canada, the routing might be that Canada might 
accept the method, and that Ontario might be in a position of 
either accepting or not accepting. We might have a little 
conundrum. 

THE WLINESS eh. Certainly. 

DR. UFFEN: Are you a member of the Canadian 


15 


committee that would be working in the same area as the 
international one? 

THE? WITNESS: Yes. 

DR. UFFEN: What federal agency would be 
ay involved? Is it the National Research Council or the Department 
of Health, or Energy, Mines and Resources? 

THE WITNESS: The federal agencies that would 
be involved in this would be Health and Welfare Canada, and 
Energy, Mines and Resources, and the thrust for agreement between 
95, the EEC countries and Canada on methodologies of this type is 
going on under auspices of the Department of Industry, Trade and 
Commerce. There are meetings going on between a Canadian committee 
and EEC committee on this. I was present at that as well, which 
was in March of this year again. 

Theschaizman,,of, the, panticular. group. is, Mr. 

30} George Reilly, of Energy, Mines and Resources. 


DR. UFFEN: Is there someone on that committee 
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- 49 - Chatfield 

DRE UFPEBEN=a(contid:)}i.forTin that group iwho 
represents the Province of Ontario's government agency? 

THE WRINESS feeOn them. ? 

DR. UFFEN: You are from a nongovernmental agency. 

THE AWEENESS: Methis Year this is¢Dms iDave ieori 
from the Ministry of Labour. 

Okay, can I go on to the next slide, please? 

I would just comment here that the phase contrast 
fiber count method has continued to be inappropriately applied to 
environmental air samples. This technique is being used in 
building air sampling, and is recently being used in another 
location to do outside air sampling. 

Just as an example, first of all we have the...we 
have said that the asbestos fibers in ambient atmospheres are all 
below the resolution limit of the optical microscope, so we are 
not going to see them anyway. The detection level of point one 
fiber per mil cannot be improved merely by pulling more air through 
the faskbter. tui tthe «fiber tecountigis cperformed wigorously toned 
properly loaded filter, this detection limit does stop, it does 
stop at point one fiber per millilitre. 

This slide that you see there was taken out of 
a building atmosphere in Toronto. It contains amosite and it 
contains gypsum. If you were to do a fiber count on that particular 
sample, there are enormous numbers of fibers longer than five 
micrometers. Only the three bright ones that you see in the 
middle there are in fact amosite, and I happen to know that because 
we put the same sample into a scanning microscope to find out. 

The vast majority of those things are gypsum. 

If we go to the next slide, this is a slide 
taken out of a building which had no asbestos at all. It did have 
mineral, wool and gypsum, and once again the darker fibers that 
you can see there are in fact gypsum. They are nothing to do with 


asbestos. 
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THE WITNESS: (cont'd.) The next one please. 


This is a general building air sample where 
asbestos is known not to be present, and you'll see we have 

a number of things in that field of view which, if we were counting 
them, we would have to call fibers. They meet the criterion of 
Nhaving anvaspect Tacito Greater than) three-Co-oue, ~and sO ywe have 
CORCOUN Get NOGe 

Now, this really I present as some evidence 

19, that we should not be using this in ambient ain. You always :find 
things which you can count as fibers, in ambient air. I would say 
that results obtained by the use of phase contrast in ambient air 
samples or in building air samples...and I define buildings as 

a building of this nature where asbestos is not being manipulated.. 
should be, we should just not accept measurements using this 

15} technique in these situations. 

What I've said here is that there are a number 
of problems of analysis. It doesn't mean to say that there are 
NOt one .or two, things on the Nori zon, and. | will oin fact mention 
later on, when the opportunity comes up, measurement or techniques 
that are on the horizon for resolution of some of the problems. 

2 But once again, el would Caution that any, 
application of new, better methods is going to require a lot of 
understanding when we try to establish comparability between those 
new methods and the standards and techniques that we have now. 

MR. LASKIN<. Thanks Very mucin Dt. Chabive td. 

25 Does ther Commission wish to take a short 
recess? 


DR. DUPRE: We'll take the usual break. 


THE INQUIRY RECESSED 


30 
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ps aa Chatfield, in-ch 
THE INQUIRY RESUMED 
DR. DUPRE: Counsel, do you wish to proceed? 


MR. LASKIN: Sure. Thank you, Mr. Chairman. 
Mie Aoki N we Oe Dr. Chatirela,. could [just 


briefly go back to the point you were making just before the 
coffee break, about the phase contrast fiber count method being 
inappropriately applied in the environmental setting? 

Could you just elaborate on that as to what you 


10; mean by that? I'm not certain I completely understand what is 


set out at paragraph three point three. 

THE WITNESS: A. Well, first of all, the asbestos 
fibers found in the environment...in other words, the ambient 
environment, not the workplace, generally all have diameters below 
the detection of optical microscopy. They are usually one, two, 
be three fibrils of diameter..no very large bundles. The only thing 
you ever see by optical microscopy is a bundle of fibers. 


I think there is some pressure to work to levels 


below point one fibers per mil as a detection level, and so it is 
an inappropriate technique because you are going to find fibers 
| anyway, and we don't know what they are. 


The ambient methods that have been specified in 


the U.S. and indeed in Ontario, to meet the point zero four 
fiber per mil criteria, is an electron microscrope, a transmission 
electronymicroscope count of all fibers. 

We may be expressing it as fibers longer than 

25} five micrometers, but it is identified total fibers longer than 

five micrometers, total asbestos fibers. The identification 
criterion is to some extent left to the operator, but they are 
identified asbestos rather than total fibers. 

Q. So are you saying that the identification 
criteria may not be precise enough, leaving some room for 


judgement in the operator, and you may be measuring things other 


=a se | preeersee ——EE —— ee ee ee a | 
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eee Chatfield, in-ch 
Oe conte) —eaLnoanrasbes Los. 
A. Yes. Or perhaps even leaving things out 
which are asbestos. It could be either way. 

5 The topic of fiber identification in electron 
Microscopy is being considered by the International Standards 
Organization workings croup. fel, myseli,, Nave,a, responsibility, to 
the U.S. EPA to write up the water method before August this year, 
and fiber identification will be a major portion of that document. 

Ove Canpwerturn Losthe question ofwriber type 
and measurement, and can I ask you this - is there any tendency 
amongst the various fiber types to have different dimensions? 

Does crocidolite, for example, tend to have a different diameter 
than amosite or chrysotile? 
A. Chrysotile tends to have the thinner, more 

15 flexible,fibers. ‘The next one would, be,.crocidolite, which tends sto 

have thinner fibers than amosite. I think that's the only general 

conclusions one can draw. 

The fibers of the amphiboles are generally more 
brittle, and display cleavage or breaking much more readily in 
length than the chrysotile will. 


20 Q. It has sometimes been said that they are 
also umore dusty. ls that’ in -accordswith your examination 2 

A. Yes. It's a subjective thing because we have 
no really good way of measuring dustiness, if we are going to call 
it that, but certainly I would be more careful handling amosite 

oe andscrocidolste ini aylaboratory. than. © do with chrysotile, 

The reason for that is that if you handle the 
material you note that dust is released from those two materials 
much more readily. 

Again, it's a subjective judgement. 

Q. I see. Well, does that mean that chrysotile 

30}; has a greater ability to settle, as it were, and not remain in the 
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A. It would be the opposite. It would be the 


Opposite. Chrysotile has...the amphiboles would have a greater 
tendency to become airborne, but their larger diameters would give 
them a greater tendency to settle out as well. 

DR DUPRE 4 Could you sjust réepeat-that? 

THE WITNESS: The materials are brittle. In 
handling you notice that dust very readily is emitted from the 
materials as you are handling it, but the settling rate is going 
190| to be a function of diameter. As the diameters get bigger, that 
dust us sagoingmto etall .cut of the atmosphere, more «rapidly -than 
it would with chrysotile. 

Dee DUPRE, Tf the yamphibole:. 2: 

THE WITNESS: If they were single fibers, but 
you see we also have to take into account the problem that 

15} chrysotile aggregates extremely easily into these random oriented 
bundles and aggregates of various kinds. Of course as they 
aggregate, then the falling velocity of the aggregate is much 
larger. So it really totally depends on the degree of subdivision 
of the material. 

But certainly from the handling point of view, 
handling amosuteeand icrocidoda te; «fl would, sayethat ou. sethat this 
USissonethinggthat sl avoidedoingsin theslaboratosys 11k usually 
do-thatsintastume hut. (elim nofyusosconcerned about shandling-~smail 
quantities of chrysotile. 

Q. And that goes to the issue of cleavage 

95| Or breaking up? 

Paw Ves: 

DR. DUPRE: Could we go very slowly here? 

UUs ator Ga Startpawhy dowvyoursay padre eChatbireld ,~ethat you are not 
quite as concerned about how you handle chrysotile in a laboratory 
Situation, as distinct from the amphibole? 


THE WITNESS: Our experience in handling the 
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- 54 - Chatfield, in-ch 
THE OWETNESS == (Cont d-) materials, say we're 


being presented with insulation samples for analysis, the experience 
is that in handling the material is sufficiently brittle, amosite 
andsCrOocviol Lem MevalelCuncif = ALGerSULDDCLeNtCLy Dri umee. cilatesmal L 
parts of these fibers as it's being handled, when they cleave away 
from the main fiber have a springiness to them and they get thrown 
Off; Into the waite 

Chrysotile is a very flexible material and 
10) 1m fact 2s generally present as very long, tlexible fibers “and 
one doesn't get this kind of thing happening. It tends to stay 
together as a large aggregate. 

MR. LASKIN: QO. It does not cleave asumuch? 

THE WITNESS: A. I wouldn’t, like "to use the 
word cleavage for chrysotile. 

15 Q. But it doesn't break up into smaller fibers 
with the same frequency as crocidolite? 

A. We have a different structure here. 

Chrysotile is not a single crystal which is being cleaved. 
Mineralogically, chrysotile is a sheet of silicate which is rolled 
an Up. into a scroll, and the chrysotile mineralvis 7a number of these. 
a lot of these scrolls placed parallel to each other. That comes 
apart very readily. If you take a lump of chrysotile ore straight 
from the mine and put it in some detergent, then that chrysotile 
Wil, OBEN, Lt wililecome Out, Open up anto individual fibrils very 
easily. The amphiboles won't do this. The amphiboles basically 
25| are crystals which are being cleaved. 

The only reason why it breaks up into very 
thin fibers is that there are a lot of defects in the structure 
which give weaknesses down this particular direction. 

Q. Amphiboles? 

A. The amphiboles. 

DR. DUPRE: I just must plead for going very 


SLOW vate tnLS DOlMNt.wesLetemerpurt to you, Dr. Chatricld) what. 2 
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DR. DUPRE: (cont'd.) believe I understand from 
what has been said in the last three or four minutes. 

I'll summarize it under two propositions. 
Proposition number one is as follows: amphibole fibers are 
more likely to become and remain airborne than chrysotile fibers. 
Proposition number one. 

Proposition number two: Although proposition 
number one is true, the problem with amphibole fibers is that 
70 they are more likely to cleave or otherwise break up into smaller 
fibers or fibrils which, of course, will have a propensity to 
become and remain airborne. 

The amphibole fiber, as I take it from proposition 
number one, tends to settle more than chrysotile, correct? 
But on the other hand, the amphibole fiber if it breaks down can 
contaminate the air by being airborne? 


THE WITNESS: I think the problem here is whether 


15 


we are talking about a single fiber. If we talk about a single 
fiberyethe Gatling vellocitvyvisetotallyaa function.ofthe.dlameter. 
If you have a larger diameter distribution in amphibole fibers...in 
other words, if the diameters are all larger, the material is going 
totfall outywiaster: 

I don't think that should necessarily be 


20 


related to the handling problem. The handling of this material 
means it is a sufficiently different characteristic. What 
that characteristic is, is probably its brittleness. 
25 But when you are handling large quantities 
of the material, it does become airborne more easily. It 
detaches from the main bulk of the material that you are handling. 
MR. LASKIN: The amphibole? 
THE WITNESS: Yes, the amphibole. 
DR. UFFEN: Don't we have to be a bit careful? 
When we are talking about amphiboles, do you remember the chart 


you just showed us today, amphiboles cover a spectrum from tremolite 
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DRVeUc PON CON d. jue CO. amosite. 

THE WITNESS: Yes. 

DR. UFFEN: I've seen tremolite that doesn't 
HWOsany Off Cis. YOU dtemLaALKIing abOuG CrOCLaOlIte, aren't you? 

THE WITNESS: Yes. We are talking crocidolite 
and amosite...and perhaps anthophyllite. 

DR. UFFEN: Now amphiboles included a whole 


lot of things. It included those which aren't even fibers. 
10 DR. DUPRE: You are Just talking about two 
amphiboles? 

THE OWLtNtooe Lb “aMocatking aboue £Librous 
amphiboles. 

DR. UFFEN: Some special fibrous amphiboles. 
You are not including tremolite, are you? 

15 THE WITNESS: I would include fibrous tremolite, 
yes. 

DR. UFFEN: Do you believe there is that much 
difference between fibrous tremolite and fibrous chrysotile? 

THE WITNESS: Yes. Chrysotile is a very, very 
flexible material. It gives aspect ratio..chrysotile gives aspect 
2 ratios...you can have single fibrils which are four hundred 
angstrom units, point zero four micrometers in diameter, and 
yet tens and twenties and even hundred of microns long...aspect 
ratios of thousands to one. 

We don't see that so readily with things like 
om CLOCIOOl{ite. You tend to get...0r particularly amosite...you tend 
COrgen much Chickerersbers, mow going down) tO the... not: many of 
them down in the vicinity of the point zero four. So settling 
velocity of amphibole fibers generally one would assume was larger. 
In other words, settle out more readily than chrysotile. 

But chrysotile does have this ability, because it 
30; |..I don't know whether it's rlexibilicy on what...nas an 


ability to aggregate very readily. 
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MR. RASKIN: BRAnaS@that 227, 
DR. UFFEN: Are we discussing something that has 


actually been measured? Have aerodynamic experiments being...are 
we discussing something that has come out of your observation 
inecne, lap? 
THe WLINkeS =) @Partivy that, butelinbre ll has 
published a rather eloquent paper in which he did measurements of 
the taltling "velocities "of sfibersy <andethis 1s thes paper) in which 
he in fact identifies the diameter as the criterion, rather than 
it the length. 
MRY*LASKING SOS> ®Canel gust put onetmore 
proposition to you, and tell me whether it's completely wrong or 
is'fair. This ability of chrysotile to aggregate means) that its 
settling capacity may be greater than the settling capacity of the 
15 amphiboles? 
THE WITNESS == A> VOQuiutespossibiiv anithe 
aggregated form, yes. 
Q. In the aggregated form. 
A. Though the single fibril certainly will 
remain suspended...well, I won't say forever, but almost 
20; indefinitely because there is no falling velocity. But in the 
case of the aggregate, when these things come together they form 
a larger entity which has a falling velocity more closely defined 
by the actual diameter of the entity. 

OF Ws thalecapacity to aggregate, does that and 
I don't knowwhether I'm taking you away from your area of 
oa expertise “or not, "and certainly ybel ome mf tieam-e but 15 that 
ability to aggregate more often seen in the mining situation 
as opposed to the downstream uses of asbestos? 
A. I think we probably see that in the 
downstream use where you are dealing with single fibers. In 
390} other words, in the more processed form the aggregation problem 
or the aggregation effect is something which is going to get more 


significant. 
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- 58 - Chatfield, in-ch 
Q. In the processed form? 
A. Yes. 
DR. DUPRE: May I ask a less than kindergarten 


question, a junior kindergarten question? One thing that I 
appreciated awhile back when I first started to learn about 

this subject, is that I understand the definition of a fiber is 
one that has an aspect ratio of three-to-one or greater, and if 
it was below three-to-one, it would be called a particle, right? 
THR WL NE Oo 2 es. 

. DR. DUPRE: Is there something similarly convenient 
and simple that enables you to understand what a fibril is, as 
distinct froma fiber? 

THE WLINESS: Fibril has been generally 

applied to chrysotile where the structure is entirely different. 

45| this 1s a scroll and the single unit fibril of chrysotile is 
something which is very obvious in the electron microscope. It 
hasea structure. 

The other minerals, the amphiboles cleave along 
weak directions and give you lumps of pure crystal. In other 
words, Single crystal material which may very well have maybe 

20/; two crystals down the length of the fiber, which are joined 
together, called a twin...there may be substantial twinning 

abounds Liew lengqen OL al Ioel.. .Dutc hits in fact something swhiecn 
can be broken down again and is totally controlled by the density 
of the defects in the structure. 

With chrysotile, there is no question. Every 
se fibrils pull ofha preceyot chrysocile. 1S the same. It looks 
the-same and itihas roughly the same diameter: It. just depends 
on how many turns on the scroll there have been in the actual 
formation of the material. 

DR. (DUPRE: So the term fibril then, is simply 
a term that is used to describe a chrysotile fiber and that 


is so used because of its shape? 
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- 59 - Chatfield, in-ch 
THE WITNESS: That's the way I would use it. 


Certainly it may have been used loosely in other ways. 

Deey DUPREKS@ Butnatrthisépoint ,Apresumabiy, 
the term fibril has no particular connotations either in the 
realm of epidemiology or standard setting? 

(REPORTER'S NOTE: No audible reply to this 
question.) 

DR. DUPRE. Thanki you. 

10 DRESUFRENS e@ouldeutcqet abtidy up bit-about this 
settling rate and so on? 

You mentioned Timbrell? 

THE WETNESS:  Dimbrebl ye ves: 

DR. UFFEN: “Would sthat be vthe: paper that*s: in 
your references here, the third one... 

DRE wWLINESS ssneOhs? y.es-e° Cl Gamay *bey 

DR. tUEFEN: peethe einhala@tron oft rabrous Dust” , 


15 


in the Annals of the New York Academy of Sciences, 1965? 
THE,WEENESS: Wes:ethat’s’ the’ .one-. 

DR.j UFPEN “9 Now, b9655y° that‘is: fifteen, ‘sixteen 
years ago and an awful lot of work has been going on in this area. 
2 Are there other papers where people would have followed that up? 
THEe WOTNESS +) SNote that tamvaware® of “in ‘the 
settling velocities of cylinders. We are, in fact, looking 

at the moment in one of our research projects, we have in fact 
been looking for a means of..well, we want effectively to find 
956; OUt what the resistanceyis to the motion :of a’ cylinder in a 
viscous medium, and that is data which is almost impossible to 
get hold of. There seems to have been no work, other than Spears, 
according to Stokes, and perhaps some extrapolations of that 

to ellipsoids of revolution. We just don't have any good data 

on settling of cylinders. 

DRE UBEENSs Nothevenainetherartrcrakt@andustry? 


THE SWEhENESS *MeNoteredity. 7 sAna?youthave™to 
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- 60 - Chatfield, in-ch 
THE WITNESS: (cont'd.) bear in mind even if 


it was in the aircraft industry, we are dealing with fibers here 
which are of the order of the mean free path of air, and all of 
the theories tend to fall apart there. 
DR. UFFEN: Almost in the area of...where 
aerodynamics doesn't apply. 
THE WITNESS: Yes. 
MR. GASKIN: QO. Is there any tendency for 
49| there to be a different Size distribution as between fibers that 
we measure and fibers that are there that we don't measure, as 
between the amphiboles and chrysotile? 
Tine WLUNRoOoes A,r lem enOLequrtLes sllre what you 
meansat that point. 
Q. If you take a filter and you look at the 
15} fibers greater than five microns in length with a three-to-one or 
better aspect ratio, you've measured something and there is a 
whole bunch of smaller fibers or fibers that don't meet the aspect 
GAatvOvtbat YOUstold Wiseabouts 9§s theresany tendency tor “chat 
percentage distribution as between those fibers and fibers you 
measure to be different, as between the amphiboles and chrysotile? 
so A. Yes. The diameters of the amphiboles are 
always larger. There is a shift to large diameters and you will 
in fact see more by the phase contrast method in the case of 
amphiboles than you do in the case of chrysotile. 

BON ler a slatsh aot 

A. You'll see a greater proportion of the total. 

Q. With the amphiboles? 


A. For two reasons. One is, the diameters are 


25 


larger, but also the refractive index of the amphibole fibers is 
different. It's a higher refractive index and they are more 
visible in phase contrast. 

DR. DUPRE: Hence, among other reasons, the 


comment in your paper about the proposed Ontario standards if 
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DR. DUPRE: (cont'd.) you are using phase 
contrast microscopy. 

THEeWLUNE Sore soOrly,... didn’ tlunderstand you. 

DR. DUPRE: What you have just said once again 
helps to explain the statement that you have in the paper you 
brought this morning, concerning the proposed Ontario standards... 
page twelve. 

THE WETNESS: Yes. 

MR. LASKIN: Let me try another question. Some 
of the witnesses on health effects, that we have heard from in the 
past few weeks, have suggested that the epidemiological studies 
show that crocidolite more often causes pleural mesothelioma 
or peritoneal mesothelioma than does chrysotile. Is there 
something in the structure of the fiber, of the two fibers, and 
the ability of the fiber to get to the pleura or to the abdomen 
that, in your judgement, would lend some support to that 
conclusion? 

THE WITNESS: A. Well, there are two things 
chemically. One is that chrysotile itself is a reactive material. 
In weakly acid environments, the magnesium component of the 
chrysotile can be leached away. You can actually lose the 
magnesium, leaving just a very fragile silica shell. And then 
the fiber breaks up and that's the end of it. 

It may leave a shell will looks morphologically 
in electron microscopy, looks like a chrysotile fiber. But we are 
not able to prove that it is one, because we don't have any 
magnesium there, and the removal of the magnesium has also 
destroyed the chrystalline structure. So we are unable by any 
technigue that we have to demonstrate that this structure that 
we see is in fact an asbestos fiber, even though it looks like 
one. 

The amphiboles do not have this ability. They 


are resistant to weakly acid environments, and they are also more 
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A WCcontea.®)) (LG Caweplueres, are. quite, different 


properties to chrysotile and crocidolite. 

One comment I will make is that some of the 
work we are currently involved in is aimed at measurement of 
asbestos in water. But in actual fact, by accident we have run 
across an effect that may be significant. That is, that if you 
take a chrysotile dispersion which is not sterile...in other words, 
there is a fair amountyotebiological activatveainstherwatenpwitts 
COL a. Oot bDigswinug t=. sandeic, S| in plastic bottle and you shake 
iy it manually or shake it on a laboratory shaker for a period of 
twenty-four hours, all of the fibers are removed from suspension. 
They are actually scavenged by the biological organisms in there, 
and stuck to the walls of the container. 

Now, our interest is in, totally, the measurement 
45| aspect because we have been«measuring ‘asbestos, in wwateriand this 
LSe al tmooLrtantaecharacter1 strc. 

We seem to have some information that it 
separates chrysotile quite specifically from other material in 
the same sample. So in other words, we may feve other particles 
of silica, clays and other materials like diatomaceous earth 
20 present from the filtration plant, in the water. But the 
chrysotile is separated specifically by this method, to the 
walls of the container. 

We have some evidence that this is happening 
with amosite and crocidolite as well. It seems that we 
<é accidentally stumbled on something here which may indicate that 
asbestos, quote "asbestos", however we define it, is in fact 
separated by these organisms and stuck to the walls of the 
container. 

Oun interest, as: L.isay,.1s, to use) this 
mechanism as a separation technique for the analysis. We realize 
it may have other implications. 


But there are some indications that there perhaps 
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A. (cont'd.) some properties here that are not 


fully understood. 

DR. UFFEN: I may have missed what you said. 
This is with both amphiboles and serpentine? 

THE WLINESS: “Yes: 

DRe URFEN. = 350cn? 

THE WITNESS: Both. 

DR. UFFEN: I have some questions that may or 
10| not be appropriate here. 

MR ee EA CKiNepelawas = ust JGOlng to get. Dr. 
Chatfield, 1f ne, could because I think he started oft by saying 
there were at least two reasons why crocidolite may get down into 
the pleura, and perhaps he can just give us the second reason. 

DR. UFFEN: Mine would follow that. 

Be THE WITNESS: I can't remember what the first was 
now. What was it? 

MR. LASKIN: Q. As I understood it, you were 
talking about the ability of chrysotile in a weakly acid 
environment... 

20 THE WITNESS: A. Oh, yes, to be resolved, yes. 
Q. All right, resolved. I take it when you say 
a weakly acid environment you mean inside... 

Ae On eewil be wn tne ung Tiuid yes. 

Oo te coula pe in "the Ming =finrds which would 
be that type of environment and would enable chrysotile to 

25} dissolve more readily? 

ep Les. 

Oem a ae Gite, 

A. The other reason was that the amphiboles 
generally are much more rigid, and as opposed to chrysotile going 
in as a single rather flexible fiber which is chemically subject 


30 
to attack, we have the concept of an amphibole fiber which is 
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Ae (Contd. )asnotaattacked, chemically,..and, which 
is very much more rigid and obviously has different properties. 

Timbrell has published another paper, and I 
don't know whether you have it in the files, but concerning the 
relationship of the mesothelioma incidences in South Africa... 

Q. I was going to ask you about that, because 
ase (erccalivwns dcetenmayenot. ber that. paper...as I recall, if it 
wasn't Timbrell it was someone, looked at two separate crocidolite 
Mining vareassany) Souths Africa. 

Doe Liatase imbrell. 

Q. And found some very dramatic evidence of 
mesothelioma in one area, and virtually none in the other. 

A. He also tabulated the falling speeds of the 
two airborne distributions. 

Q. What was his conclusion? 

A. He came to a conclusion that the highest 
incidence was in an area where the thinnest, smallest diameter 
fiber was present. 

Of wLOGSs l.LStis lint SOLLY a daVey Dt. Dr UD Polen 
off...but does his conclusion then suggest that even take 
crocidolite alone, we may get some very different effect depending 
on the fiber size dimension? 

hie Ol, e VeSuees litt would mean, thaty ih assuming 
that the two size distributions were...I can't remember the actual 
numbers, but I have an idea that the dimensions, the actual 
diamters were determined by electron microscopy, and one of those 
at, least sbsdon. tythink, was. going, to, be seen, optically ,..or was 
very marginal. So here's a situation where you may have two 
very different incidences of disease, but fiber counts which run 
dizmectily wontrarysto. that. 

DR. UFFEN: While we are exploring the 
peculiarities of the crocidolite, I would like to go back to 


the chemical composition for a minute. When you look at the 
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DR. UFFEN: (cont'd.) differences between the 
chrysotile and amphiboles in general, is there any significance, or 
should we forget about it, to the fact that the silicon and the 
oxygen are quite differently combined? SiAO-- as compared with 
Bane Does this imply a chrystal structure which is vastly 
different and might affect the chemical properties? Might affect 
thee biological sactivities? 

THE WITNESS: Oh, yes. It does imply a difference 
because the amphiboles are in fact a chain silicate and the 
chrysotile is a layer silicate. 

DR. WFPENe Now peti yousspila tyupea ichaan 
Silicate and a layered silicate, would that affect the properties 
of the surfaces that became exposed? 

THE WITNESS: Very much so, because this is one 
of the reasons why at the moment we are not able to understand these 
initial experiments on the biological extraction of chrysotile from 
water samples, is that the surface charge on chrysotile is 
directly opposite to that on the amphiboles. 

If one is going by conventional theories, one 
would say that if any separation is going to be made on the 
basis of surface charge, then chrysotile should behave totally 
differently to everything else, practically every other species. 

So far we are showing that chrysotile is behaving rather 
Similarly to the other fiber species, and we are still ina 
Situation where we don't know quite how to interpret the data. 

DR. UFFEN: That leads me to the other difference, 
the iron content and the form in which it occurs. Have you been 
exploring that? 

THE WLITNESS :oo Thesairon, content. in» chrysotile is 
normally thought of as being incidental to the structure. In other 
words, small particles of magnitite, and indeed if you look at 
the micrograph I showed earlier in some detail, you will see that 


there is some structure to it...the high magnification chrysotile 
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THE AWLINESS 3 (conte day) aifivbernrpacturte &. aouewell 
see there is some structure and one does encounter tiny little 
very dense areas which could indeed be the centers of iron, little 

5 Microerystals of magnetite. 

DR. UFFEN: But in the crocidolite where a 
chemical definition is based on the iron, would that form of iron 
have different physical, chemical and biological properties? 

THE CWLINESS SOIWe Ll Pan Grisivstruc tural gudliteks 


actually built into the structure, so we are dealing with a 


ys different material. 

DR. UFFEN: How would you go about determining 
whether these chemical compositions have any biological 
implications? Would we do an analysis? Would that...? 

THE *WHTNESSULeL real by icantteanswerathas one. 

15 DR. UFFEN: But there is then a fundamental 
difference between the serpentine and the amphiboles, the 
chrysotile and the cricodilite? 

THE WITNESS: Yes. 

DR. UFFEN: As to physical length, diameter, 
and chemical? 

“ THE WITNESS: Yes. 

DR. UFFEN: The evidence to date has been 
that it's the physical dimensions that are the important ones? 
is that, true? Or that the consensusoushtosdates,sorers that 
still oftgreat controversy? 

25 THE WITNESS: To some extent open. Undoubtedly 


the chemistry has to have an effect, because we are dealing with 
different materials here. But I think it's generally agreed 
that fiber dimensions are the more dominant thing, the more 
dominant effect. 
MReeLASKIN= “Ove (On that point, on fiber 
30! dimensions, apart from what you have already said, is there any 


difference between the amphiboles and chrysotile that might give 
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Om contd.) rise tor differing, health effects, 
insofar as you are aware? 
A. The amphiboles and chrysotile, as I say, 

5} the only difference is that a fiber of amphibole which goes into 
the lung is going to remain there as an amphibole fiber. It's 
going to remain in the body, at any rate, as an amphibole fiber. 

The chrysotile has the potential to be dissolved. 
The chemistry is appropriate for it to gradually be dissolved...or 
at least altered. I think dissolved is the wrong word here. 

re QO. ~The explanation that you gave before to me, 


in relation to crocidolite, I take it, applies equally to amosite? 


A. It applies to all of the amphiboles. 

Ow Wo whatjextenl does this tabi lity ‘or capacity 
of chrysotile to aggregate, which you told us about before, to 
1G Owe eee ron eT OOSS Unidtia dl tech EGedbt Eby rONgee invo. tne. ling sit 
the first place? Is it significant in that respect? I mean, even 
if it aggregates is it still sufficiently small that we can breathe 
a ay 

A. Yes, in many cases. The falling velocity 
may be such that it in fact. gets caught in the nasal hairs and 
20) never actually gets into the lungs, but here you are dealing 
with a mechanical, an actual mechanical catching of a large 
aggregate. Whereas the smaller ones will in fact go through. 

Then, of course, you have to address the fact 
that if this aggregate, this loosely-held bundle or loosely-held 
oe aggregate, is ill treated in any way, like banging into a surface, 
then there is going to be material which then detaches. It's 
very much a question of how violently the thing is treated. 

Q. You indicated this reaction that chrysotile 
has to a weakly acid environment, and I take it the amphiboles 
GO mol react. £o acids? 

A. Not in any meaningful way. There is a slight 


extraction in concentrated acids, but it's a very slow reaction 
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Ae (cOont.d.). compared with other chrysotile. 


Pome sone snOrman BYaArOChLorilc acid, in fact, 1s 


capable of removing about two-thirds of the magnesium in a few 
hours. It's a very rapid reaction in that case. 

QO. - take at thet Ss one Of the reasons that 
you see the use of crocidolite in certain products, that it has 
this abrlicystO withstand cOreosioen. Erom acids? 

A. Well, acid resistance would be a useful 
TOO LOPe Luvs sone loca Lols. 

The amphiboles, incidentally, are also more 

heat resistant. 

Q. Than chrysotile? 

A. Than chrysotile. The structure of chrysotile 
is broken down at a much lower temperature than amosite or 

18) crocidolite. 

DR. UFFEN: What would the order of magnitude 

of that temperature be? You say much lower temperatures. 

THE WITNESS: About five hundred centigrade. You 
would have to go to something approximating a thousand to get 

56 things to happen to crocidolite and amosite. 

MR. LASKIN: Q. When you made the comment during 
your talk that one had to be careful using the optical microscope 
to measure fibers when you were not in an environment where 
asbestos was predominant, and you used the vermiculite example, 
Livvou,are, talking about an Operation Such as a textile plant 

25| that uses asbestos, or a cement pipe plant that uses asbestos, 

OY a) friction, product plant that uses asbestos, does your 
Observation equally apply? 

THe WlINSoot “A. = .es, omLene Drincipal t1brous 
species that you are going to see airborne will in fact be asbestos. 
If, however, you are using cellulose, or other fibrous materials in 


the same operation, then one would have to be careful about how to 
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we ae Chatfield, in-ch 

A. (cont'd.) interpret the results. Cellulose 
itself, or small fragments of that, will in fact be taken for 
asbestos fibers in a phase contrast count. 

Q. That was really my question. From your 
knowledge, are there other substances which are typically used 
in those operations which, under the optical microscope, might 
be mistaken for asbestos fibers? 

A. Yes, definitely. Cellulose would be one of 
those. Not a large cellulose fiber itself. I mean that's very, 
generally very easy to determine, but cellulose has been generally 
partially processed and you will see things which are fibrous. 

If you are counting according to the criteria specified, they will 
be enumerated and called asbestos in the actual measurement. 

Q. Where do you see cellulose? In what type 
of operation? 

A. Well, we have a lot of building insulation 
has been cellulose/chrysotile mixtures. You will find chrysotile/ 
cellulose mixtures used in some pipe covering, pipe insulation. 
COUs Wl nO cto acta text) ten. .tne welding curtain. type 
of material, asbestos string sometimes has a component of cellulose. 

Q. Are there any other fibrous type materials 
tChatecome. to. youl mind, Liat mvogneesrall Ancona Similanrvcategqory = 

Ame olecliitce you wOuldsbe hard, presseds co 

discriminate some particles of mineral wool.as opposed to 
fiberglass where the fiber diameter is very much more constant 
than it is in mineral wool, which is manufactured differently. 
You do have a range of fiber dimensions, fiber diameters, in 
mineral wool, and in the chrysotile/mineral wool mixtures, which 
have been very commonly applied to buildings, then once again I 
think you would have some difficulty in determining whether it 
Was an asbestos fiber or a fragment of mineral wool. 

MR. LASKIN: It might be a convenient place, 


Mr. Chairman, to break for lunch. 
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- 70 - Chatfield, in-ch 
DR. DUPRE: Shall we rise then until two-fifteen? 
MR. LASKIN: Sure. 


1 THE INQUIRY RECESSED 
| THE INOULRY RESUMED 


MR. GASKIN’ 702 Dr. Chatfield, before we 
10; come to these additional slides, can I just pursue one or two 
more things arising out of our discussions this morning? I 
think this flows from what you said, but let me make certain 
that I understand your evidence. 
The capacity of the amphiboles to cleave or 
to fragment and the fact that chrysotile when it is handled may 
4 lose this aggregate phenomenon, did that suggest that the farther 
you move away from the mine, the more that asbestos is used in 
other processes, that you will tend to see shorter fibers rather 
than longer fibers? 

THe WITNESS. 9A. The overall dimensions, will 
bp poe. smaller they roriher yousgovaweaye trom uncemine, which 1s one Of 
the things that I have said. But in amine or close to a mine, 

then you are finding things by optical microscopy. But when you 
go a long way from a mining operation where the material is actively 
in use, then the things you find are very small fibers. 

QO. Ana small... 


25 A. The diameters are generally very fine. 


A. Generally shorter lengths. 
Q. Then does that also mean that if you 
have a particular measurement of fibers using optical microscopy 
en that the percentage of fibers that you are not measuring, compared 
to the ones that you actually are measuring, will be greater 


the farther you are away from the mine? 


| Q. Finer diameters, smaller fibers? 
| 
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- 71- Chatfield, in-ch 
Aces. 
Q. Just one question about crocidolite. From 
some of the production tables that we've seen, some of the 
literature, there would appear to be a substantial use of 
crocidolite relative to other uses of it, in the cement pipe field. 
From your knowledge, is there something in the chemistry or 
something in the fiber that lends itself to that particular use 
oOf-crocidolite?: 

A. Chrysotile asbestos on its own apparently 
does snot allow water) to ,drainsthnoughsthe structure particularly 
well, and I understand that a harsher fiber like crocidolite or 
amosite is added to assist inthemanufacture of products of that 
igs 

Q. And increases the draining capacity? 

A. I believe so. 

Q. All right. If we move now onto these 
additional slides, and I take it these relate generally to the 
subject of alternative measurement techniques which may be 
available in the workplace? 

Ast ves. ,There. are, in.fact, a.number of 
approaches that one can use for improved methodologies for 
measurement in workplace atmospheres. One of them has been 
looked at in England by Manchester University people, and has 
resulted in some software to be applied in an image analysis 
device which allows fibers to be counted automatically. There 
is nothing to do with the slide at the moment. 

This device is known as a Magiscan, and the 
people at the health and...what's their name...basically the 
people responsible for industrial health in the U.K., are in 
fact using this device using the normal phase contrast image, and 
there are some calibration difficulties which are being talked 
about at the moment, but it is a next step in getting at least a 


reliable number out of the method which can be repeated. 
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- 72 - Chatfield, in-ch 
A. (cont'd.) The next step is perhaps to go 


to scanning electron microscopy, with an image analysis device 
attached to that. At least we are then going to see all of the 
fibers, and if an automated system did the actual fiber enumeration 
then at least we would be getting the same answer each time again. 
One may set up the rules for counting aggregates, and that would 
bemdone onceand torn avi.» Butsthe detinitiron as to what to do 
with aggregates is another problem. 

10 Now these are both fiber counting techniques 
though. We are still basically dependent on the fact that precision 
is going to be totally related to the number of fibers we count. 

If we only count a hundred fibers, we can expect an error of 

plus or minus at least thirty percent. This is quite unavoidable. 
The other approach is to do a measurement based 

15] on the work of Timbrell. Timbrell found that magnetic fields are 
capable of lining up magnetic fibers, asbestos fibers, and many 
other fibers “did notwline ups = Glass fibers did not Line ups” And 
if you place a dispersion of asbestos fibers in a magnetic field, 
there are three different alignment modes as shown on the slide. 
a One is the fibers align parallel to the field. Then there is a 
Situation where some of them, in some of the amphiboles, line up 
perpendicular to the field with their lengths perpendicular to 
the field, which means that in any one plane you have them all 
held as in diagram B, with complete freedom to rotate but not 
freedom to turn around so that they are in any sense parallel to 
25| the field. 

Then the other situation is one where the 
fibers are held at some constant angle to the field. These are 
the three modes of alignment which you find when you look at 
mineral fibers generally. 

Now, if we go to the next slide, we are able 


30 ‘ ; ' : ; 
toOeprepare. fromea Vligquid "dispersion ....in other words, ‘wel take 
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A. (cont'd.) our sample and somehow get it into 
liquid dispersion and filter it between the poles of an electro- 
Magnet. 

Go to the next slide...that's the equipment 

and one takes the filter, perhaps ashes the filter, redisperse 

and filter the resulting suspension onto another millipore filter. 
That filter is taken and treated exactly by the AIA method, to 
render it transparent. This procedure does not disturb the 

190} alignment of the fibers. The asbestos fibers land up on that 
fibcer“paraliel tothe? field or perpendiculari to 16s 

Other fibers, such as cellulose, etc., stay 
in a random orientation. 

So here we have taken the asbestos fibers 
specifically and put them in two known directions, because we 
iD) "can mark the edge op the falitertto Wndicate tne: fveldedimection. 
Next slide, please. 

Now, this is a phase contrast micrograph of 

a crocidolite dispersion which is on the filter. It has been 
prepared as the normal AIA collapsing filter technique, and these 
on are random orientation fibers. 

That slide, in fact, was prepared outside of 

a magnetic field. 

Ef we tthen goeto shemext slide m'this: ts: what 
happens if the same filter, the same dispersion is prepared ina 
magnetic field, the field being parallel to the...well, the field 
25| being approximately horizontal in this case. 

You can see that most of the fibers are in fact 
lined up horizontally, and there are one or two which are vertical 
on that slide. 

Now, if we take that transparent piece of 
plastic with these fibers imbedded in it, and look at the 


light scattering behaviour when we illuminate this piece of 
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Mee CCOle. dem (plastic; wercan. -.next slide, 
please...we can set up equipment of this kind where the entire 
filter is illuminated by a laser beam and we examine the light, 

the intensity of light scattered at a known angle from the forward 
direction. If we then rotate the filter, then because the fibers 
are lined up in a specific way, we will get a different behaviour 
as the filter rotates. If I show you a light scattering pattern... 
the next slide, please. On, “SOLrry, Chis 1S the actual 

7 equipment, Theslaser uS,.1n tact, nearly on the filcor there and 
we brought up a beam so that it's horizontal and aimed at the 
Circular device in the center of the screen, which holds the 
filter, and then there is a light scattering measurement made by 
a photomultiplier, at an angle to the forward direction. 

Next slide. 

15 Now, if you take the unaligned filter that I 
was showing you earlier, this is the light scattering pattern. 
This is just photographed from a screen. The central dot there 
1s, absorbing the central beam so that’ it's not quite so bright. 
You see there is absolutely no...this is a symmetrical scattering 
pattern. 

oe Now the aligned filter displays an entirely 
different behaviour...next slide...and that is the aligned, 
magnetically aligned filter. Now, as we rotate that filter in 
the holder, that pattern rotates, and as the bright bar crosses 
the photomultiplier, we can output the voltage from the photo- 
25 multiplier and have a pen record, which is giving a measurement 
of the total amount of magnetically-alignable fiber on that 
filter. 

Now, this is not a fiber counting technique 
so it's not actually specifically related. We no longer have 
this error due to fiber counting. This is a measurement of the 
overall filter. 

Next slide. 
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AweUecOntadia) lhe spen (record would look something 
like that. You can see there we only have fifteen nanograms of 
crocidolite per square millimeter on the filter. We have a very 
good signal. The peak there is from the parallel-to-the-field 
fibers, and there is a small peak from the normal-to-the-field 
fibers. 

Next slide. 

ihe you look atlvamosite, uthere 1s, a greater 
component of the material lying perpendicular to the field. 
So the parallel fibers are scattering the vertical line there, 
and the horizontal line is caused by those which are lined up 
perpendicular to the field. 

Next slide. 

And that is the peak that you get from amosite. 

One interesting thing comes out of that, and that 
is that you notice that the smaller peak there is wider than the 
very tall peak. That's a consequence of a width distribution. We 
find that the smaller fibers generally give a larger, a broader 
peak. So those fiber dimensions contained in this graph, we are 
MO Sure: NOwstlo extract sthate yet, but sit. 1Ss there. 

Next slide. 

Now, the next improvement which we have now 
got working, is the concept of not filtering the material onto 
a filter so much as looking at the liquid suspension of fibers. 
And in this way we can get the dynamic behaviour of the fibers. 

If we have a suspension of fibers in liquid, 
and then we rotate the magnetic field around a little 
Spectrounetometer well econtaining the lagquid, the only thing that 
is doing any rotating there are the actual asbestos fibers. So 
we eliminate a whole load of problems connected with filter 
backgrounds and things like that, and we get a signal which is.. 
we have some extremely sensitive measurements from this device. 


The next slide, please. 
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A. (cont'd.) That's the entire system as set 
up, and you can see the magnet at the top there. It's a nine point 
two kilogauss permanent magnet, which we have had to build because 
there is no such thing on the market. 

DR. UFFEN: Did you have to experiment ta decide 
on how Much, Whdtestlenrgiie tier VOU USC, ssc 

THE WITNESS: Timbrell's work indicated that 
about three kilogauss was adequate to start thealignment procedure. 
We decided the first magnet we would go for as strong as we could, 
so that we at least didn't have to start again and build a more 
powerful one. 

Now the interesting thing about this is that 
a fiber witch 25 in avlitqguid,,a Viscous Migquid, 1s 1rotating. 

There is a resistance to its rotation, and the resistance to its 
rotation depends on its dimensions. It's a very complicated 
functzton of Length= and diameter. 

Now we find that as we rotate the magnet 
faster, some of the larger fibers are not able to follow this 
rotation and they get out of synchronism because the viscous 
drag caused by the liquid overcomes the magnetic talk on the 
fiber. 

So by changing the speed of rotation, we are 
able to select measurements from different size ranges of fibers. 
This is for the first time we are able to take an entire 
distribution and measure some fiber size-related information, as 
well as a concentration. 

As I say, this is a very repeatable technique. 
The work in principle has been embodied into an instrument 
marketed by Vickers in the UK. , and Partly tiunced py tne 
European Economic Community. The device which is currently 
marketed is in fact just a means of outputting the graph which 
I showed you earlier, the actual reading. It is an uncalibrated 


system. 


7540-1171 


2 Gat voy dna qu 
; etyspolix +03 
shptaen fovea om pt wraps . 
yeizeh of Jesmivehn og ae an ne bended 0 
¢.. dent Hoy B10 50 Thipsese dette ,team wed no 
Jedd Yeaenibal row 2" Cigadnry in ieaerTe er 
<ukascsg Shade tle og 2269" 03 stsupeds 35w etirenos b4 aSzns Juels 
‘bgt Se -gégnoisze £4 201 -op Bicdw ‘ew Seopen Ste? Hl Betliced mW 
exon & Slip Bo pices 23gfa od aver d' abt Gatel Je ew sails of | 
| : a: eto Ivztaeo 


jniee ontn's afat aed 
aeueced Shbid a: wt am ie 


AS 


tnd? oe! ales tune gpréidd pnitdzaraini ens wey 

—“eisi702 32 ,bfuptl avoveiv a .Sfugli » Di et teifts tedi® s 

sti of eonnedeiaox aft bas. ,ncizedor bgi oJ Scicttatses & el stort | 
Sasavliqucs yoev £ 2°22 .enolenati>h 23] fo eSaeqe?P aAbitascz Bw 
tetemtiS Bra fipasl tc ei soe’ 

Jiahen $22 sinsor. ew ae Sats Sart ow wor 

2iit “ligld af gids 20n ete gZiedid asgsah Gis Tp econ ,2¢7e05 
erates) ot seuésed milacidonye, to ome Seg yadd Bun ncisado> 
‘tte on dias Siteripem ‘sda Spmesr evo biapit mi? 4d boavad par | 

sede 


| 


ote By ,6lsedqs 30 Booge ef3 valpneds Wi o2 
tac) on asycet sie dnviet22b woz? aitemeigacsn goolae or & lan 
' ~ meg l ine Ge asad oF elds sia av wate @asid Gao i0% ai slat 

ob \ootdensg3 ni bassjar-osie saci Poor a Sas. nolsodhisaib 


area @ a6 [lew ba 


a 


| seepinjos? sisténncan be Ps “ etd 
35 nt #¥ow oA? 


- 77 - Chatfield, in-ch 
THE WITNESS: (cont'd.) What we are aiming for 


here is a system which will not need calibration. In other words, 
a calibration provided will in fact give fiber sizes, whatever 
Lnessi.ze.  distmibution of material you put in. 

The Vickers unit has to be calibrated for each 
separate size distribution that it is used for, so what we are 
looking forward to here is a more reliable measurement. 

DR. UFFEN: What were they calibrated against? 
When youtcalibrate at what? do they usetas... ? 

THE WITNESS: Oh, they have to calibrate against 
ther phase contrastimtibers®counte=#So6. avphase Ccontrast™fiber count 
is made, they say the peak size I have here corresponds to five 
fibers per mil, 

DR. UFFEN: But they commonly do it the other 

15| WAY around? 

THE WITNESS: ?elewouldahoperso,'’ves: 

Okay, I think thats the last one: iE Site) sale Gee, 

UNIDENTIFIED SPEAKER: No, there's two. 

THERWETNESS=se0he Mes Pein terms of Psensitivity, 
this was on the filter technique, we have improved on this since. 

20; With crocidolite we are seeing rather less than half a nanogram 

per square millimeter of filter. These are...this is about eight 

hundred and fifty fibers per square millimeter, with...we are not.. 

just because it's an optical technique does not mean that we 

are, in this case, limited by the wavelength of light. This is 

light scattering. We are not expecting to image from it, so 


25 
we can in fact go down way below the wavelength of light in 


fiber dimensions, for this particular technique. And indeed we do 
have measurements from waterborne dispersions, which only contain 
single fibrils, and a perfectly good signal from it...even though 
the average fiber diameter corresponds to one unit fibril at point 
zero four. So we are only about a tenth of the wavelength of light 


and we are still getting a good measurement. 
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THE "WETNESS: (Conteda.)  sNextysiide, please. 


That re, tndeed,. a chrysotile curve. Its 


Gettingrasbrt io1syeat thatwooint,; a third of a nanogram per. 
Square millimeter. 

DR. UFFEN: When you went from crocidolite to 
chrysotile, it had to be recalibrated? 

THE WITNESS: We would have to recalibrate, yes, 


at the moment. 

DR. UFFEN: For the properties... 
hg THE WITNESS: “Yes, yes. * Chrysotile does not Line 
up so readily as the other minerals, but it still lines up and 
gives a perfectly acceptable peak. 

That's one of the reasons why we have gone for 
the very powerful magnet. We realized that chrysotile was going 
to give us more problems than the amphibole minerals. 


15 
DR. UFFEN: This would be primarily because of 


. ee lL 


the (unintelligible.) 

THE WITNESS: Yes. One of the interesting 
things about this method of dynamic measurement is that the 

concept of a fiber rotating in a viscous medium should be a 


20; direct measurement of falling velocity, which is, I think, a 


biologically important number. Even if we don't relate that to 


a size, this may be a falling velocity measurement. 


ESE 


DR. UFFEN: In the same fluid? 
Toe WETHER oGo> eves. In thee lrqurar 
ze DROUPFEN: "“Not™in arr? 

THE WITNESS: In air, of course, there may be 
a problem, there may be some calibration difficulties there. 
MR LASKOIN: @Thanks; "Drs Chatvireld: 

MR GASKIN= O Can you, for my benefit, 
there is certainly a good deal of all of that technical 
description beyond my ability to comprehend it...could you give 


me some indication of how practical these alternate methods 
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Q. (cont'd.) you have suggested are for 
use in the workplace and indeed whether any other jurisdictions 
of which you are aware are utilizing them? 

A. In the United Kingdom they are using 
the Magiscan. The basic problem with that unit is its expense. 
We are talking here of something like a quarter of a million 
pounds having been invested in the installation, of the 
health and safety executive in London. That would mean, basically, 
that a sophisticated instrument is going to be located in one 
center, and then samples sent in to it, which is perhaps not as 
satisfactory as we would like it. 

The other method I was talking about, the 
scanning microscopy and image analysis system, again we are 
talking money. We are talking potentially eighty thousand dollars 
for the scanning microscope, and you need a computer at about 
another forty thousand dollars, hanging onto the thing. So we 
are talking maybe a hundred, a hundred and twenty thousand dollars 
for that approach, even assuming it's fully developed. 

The magnetic alignment method, on the other 
hand, uses very little equipment. The...we are dealing at the 
moment with a magnet which first cost us a lot because we were 
designing it from square one, but we don't need it as powerful as 
it is there. That could be put together for something like about 
five or six thousand dollars. 

The computer we are using for data acquisition 
is a domestic computer, the Apple computer, which we purchased 
POrraboute fives thnousandaes nes rest Ole itois «the lascrois an 
overkill. We happened to have it in the lab. You don't need a 
laser. A two thousand dollar light source will do you just as 
well. 

So we are really talking about maybe ten to 
twenty thousand dollars for a complete system, which certainly 
is as cheap as the optical microscope, and we are also talking 


about a measurement time of really only a few minutes, on the 
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THE WITNESS: (cont'd.) instrument. The 


measurements you saw, the curves, would be obtained in...well, of 


course, we are now dealing with digital output on this system anyway, 
an actual number comes out to give us the area under the peaks, 
and such things. 

This analysis time, really, is just a few 
minutes on the equipment. Sample preparation, we are not really 
talking a great deal of effort, because you can deal with those 
by the dozen, so to speak. 

MR. LASKIN: Q. Can you summarize for me what 
the advantages of this magnetic alignment technique are compared 
to the optical microscope, and on the other side what are the 
disadvantages that you see? 

THE WITNESS: As The primary advantage would 
bewreproducibility. I think, that’s absolutely certain. 

Precision, not only reproducibility, but also 
the ability to measure the same thing on two identical samples, 
as well as the ability to measure the same thing on the same 
sample. Those two things, definitely. 

The removal of the primary cause of error is 
the, frankly, is the fiber counting and the rules, etc., that we 
have to deal with. Here we are dealing with a physical measurement 
which is not a fiber count. It doesn't have the fundamental 
limitations of statistics. 

Q. What measurement is it? What are you 
measuring? 

A. What are we measuring? What we have been 
measuring here...and as I say, this is one of these things which 
is still under development so we have to go carefully here...already 
published is the original Timbrell paper. You-can extract an 
enormous amount of data in a small time, and I have shown a single 
measurement at a constant angle from the straight-through direction. 


Now, if you increase the angle of the 
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A. (cont'd.) measurement...in other words, 
increase the angle off axis, which we make our measurement, that 
is the light scattered at higher angles is from smaller diameter 
fibers. So we have the potential to make a measurement of fiber 
diameter, mean fiber diameter perhaps. 

We also have the potential, by looking at the 
speed of rotation versus the signal, to determine the length. 


Orme sOGSindividuak Eibers? 


A. No, an average per sample, or the mean for 
10| the sample. 

Q. So you can get a mean of the length, an 
average of the length, and an average of the diameter? You will 
not get an actual fiber count? 

Ae eno. 


OuwweToOeao back» Intake 2t the Tambrellyupapers?. 


15 
you worked from the hypothesis that diameter and length are critical 
factors in adverse health effects. Is that correct? 
Awe Yess 


DRi#uUFFEN® #GanuLepursue thisha bit? 
MR. LASKIN: I would be delighted. 
20 DR» UBFEN:i mUsuallysitisnuthe other wayearound. 
I'll try to phrase it, and you tell me whether 
tive got Lt-right on noo: 
If you are able to get past the experimental 


stage, choose a sample, a standard sample, against which all the 


other microscopes, optical ones, could then be prepared, you 
Ae might even have an agreed international standard analogous to an 
atomic clock against which all the other clocks in the country 
could be compared? 

THE WITNESS: Yes. 

DR: DUPRE«e.Dre.Chatireld,7could youeheLlp smedas 


I progress at the moment, or regress, with junior kindergarten 


Sn _ OULU 


questions? 


eS ——— 
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DR. DUPRE: (cont'd.) If this measurement 
gives you a mean length and diameter of whatever number of fibers 
are in the sample, is it still not valuable to know how many fibers 
there are? 

THE WITNESS: Of course, yes. I'11' agree’ with 
you ‘there. 

The basic problem at the moment is, we are still 
working on this technique to try to find out how to take these 
Signals apart to get the data we need. 

The total area under those curves, as I showed 
you, is representative in some way of the total amount of 
asbestos fiber...the total amount of fiber that is aligned. 

If we can also extract a mean width and a mean 
length, then we have the capability of at least producing some 
kind of number, a numerical value, based on the total, the total 
amount, the total mass, divided by the mean volume will give us 
something like a number. 

Now, again, we are never going to get individual 
fAeper GOUNtSei&rONmenas.. Bit for what ic" s worth, +t ws a 
reproducible measurement which will give us something related to 
a mass, and it will give us the information on fiber dimensions 
as well. 

DR. VDUBRES *Uheretaiseonegotner = thing @ that’ i 
don't understand. If the measurement that is being produced is 
the mean length and diameter of whatever number of fibers are in 
there, how does this instrument calculate the mean for you? Doesn't 
it have to know? 

THE WITNESS : 92 itedoesn*t+calculate.=* This is done 
by a previous calibration, okay? 

DRA DUPRE? ROnG4L-seet 

THE WITNESS: In other words, we have to find 
out how wide is this curve, what is it's width, for a specific 


dimension Ob fiber eelhiseiseda Callubratron;sthis®tis' part @f what 
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THE WITNESS: (cont'd.) we are working on. 
DR. UFFEN: You've got two other variables to 
deal with, magnetic field and finding what proportion of the samples 
line up. The other one is, isn't it the intensity of the radiation 
if you use the laser, but suppose you just keep increasing the 
intensity. At any one intensity you would get a certain result 
One your lrecorderiea, 
THEI WITNESS: Yes. 
DR. OFPEN:.) Shesotatevounhavesaldifierentenumber, 
number not size, of fibers, you would presumably get a different 
Ou pub? 
THE WITNESS2 st Yes: 
PRISUPPENGHSSOLIL you can’t vary a number of 
fibers, that's whattyoulhavesgotyvto work with. But it’s 
varying intensity. 
THE WITNESS: Varying the intensity merely gives 
us different signals, proportionally larger signals scattered into 
the photomultiplier. That doesn't teach us anything about what is 
going on in the sample. 
DRA UPPENc@eiliibad better continue to read my. =. 
THE WITNESS: Variation of the wavelength would 
indeed give different characteristics, because the scattering is... 
DR. UFFEN: You were using two or three different 
wavelengths? 
THER WETNESS saan yese 
The other variable you have is the viscosity of 
the medium that the particles are suspended in. 
DRir UPFFENess Sinces yous talked: tosus, at oux 
public meeting, has this all sort of come to a head since then? 
What you are telling me now is quite new? 
THE WITNESS: Yes. 
DR .SIUPFENs a Tsisthis® true? 
THE WITNESS: Yeah, we were working on it at that 
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THE WiLNi oe COMtsd .)) set 1 Me Dut. cc 
DR. UFFEN: Have you published any of this yet? 
THE WLINESS : March, I believe. Yes, there is 


One whiichy1s jinepubniLcalion. 

DE eR R Nee LO press Or ss. 2 

THE WLINE So Lt very, soon will be. itis ain 
the National Bureau of Standards document which will be coming 
out in a few months time. 

ap: DR. UFFEN: The big catch is going to be the 
calibration. From the point of view of this Commission and 
everybody else, trying to relate what you are able maybe to do 
in a year or two, to all the data that has been collected means 
we have to calibrate it against ... 

THE WLINBOS< Oh) ves. 

15 DRS ULEEN = cn tSsOMething webby GLeritculn vou 
KNOW; oc adCvorse, OL Six -OuL-. 

THE WITNESS: Yes. 

DR. UFFEN: So you end up with an instrument 
in which the reliability is somewhere between one and six, 
because of the calibration problems. 


20 THE WITNESS: That “s*whet you mean by doing. 1t 


SESE 


the other way around. Yes. 
| This indeed is what I meant when I said, okay, 
| we may be able to produce a good, reliable measurement which is 
repeatable and represents the amount of fiber in the air, but 

Be whether we are going to call it mass...from point of view of 
control in.a plant, mass is probably as good as anything...indeed 
we probably are measuring mass if we are measuring only those 
longer than five micrometers, because those are the ones which 
contribute most to the mass. 

DRIUPEON ss elewOnet pUsiodt ny LULtieCr ) Dutels 
there any indication that this kind of approach might be attractive 


to the international committee, or is it still regarded as strictly 


| 
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DR. UFFEN: (cont'd.) experimental at this stage? 
THE WITNESS: This is still experimental, 


which is being looked at by the British very favourably. 

MR VLASKIN: 270, ) JuSt a few brief questions. on 
the other two methods you talked about. The magiscan method, did 
IT hear you say that that is being used in the United Kingdom? 

THE UWLENESS> Aa) Yes, -That 1s a piece of 
equipment installed at the Health and Safety Executive in London. 


10 
Ocep Angers being used stor ites fiber counts? 


AR eS sae oS at matter, Of racti. that, 1s) the... 


| except that Vickers, as I say, have in fact put out an instrument 


that instrument, I believe, is the origin of the requirement 


to start calling aggregates eight, up to eight fibers, because 


15| closely with the human operators. 


that will then make the results from the machine agree more 
| On) Whate.. Just, brietly...can yOu, summarize 


what the advantages are of that machine as opposed to optical 
microscopy, and what the disadvantages are...and you have already 
told us about the cost factor? 


Ae Slhe magiscan, an tact, 1s. based on oprrcal 
20 


) 
microscopy. It's just an automatic method of looking at the same 
image. What you do is, you establish a set of counting rules 
which are built into the computer, and they are always rigidly 
applied. So from the same picture, you always get the same 
answer. 
| 25 The key here is that the magiscan, being a 
computer, doesn't get tired on a Friday afternoon. Human operator 
counters do. 
Q. Ah, so you remove the error that there is 
in human judgement? 
A. You make it consistent. 
30 O@eeYou makes te consistent, aller gnt, 


Do you count the same fibers? That is, only 


| 
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OpmtCOULL as) wilt pers Greacer lian «five microns 
in length, with a three-to-one...? 

A. The machine is designed to count only fibers 
longer than five. The question which has cropped up recently is 
the question of the depth of field, depth of focus of the optical 
microscope. That is, you remember I mentioned...in fact, Dr. Uffen 
DELOUGHC at eLOImMy attention. ..0UL, tie, one OL the errors. that, nad 
been quoted about optical microscopy was the failure of the 
Operator to rack the focus up and down on the microscope so that 
YOu did an Lact. search through the entire depth Of field of the 
filter, the depth of the filter, for fibers. The machine, of course, 
1OOKS at a Single focal posvtion. [lt doesn't do any racking, up 
andvdown. slits not that sopnisticated. 

So the question has arisen, is the machine 
actually counting the same features that a human being does. That 
question has not been satisfactorily answered yet. 

Q. Does the machine have the capability to 
count fibers smaller than fibers greater than five microns in 
length with a three-to-one ratio? 

An) A Leawon. (CO dOWwns DelLoOw, opel cad. Visi piel sey, 
obviously, but it is certainly...it should be able to get some 
kand of SiIZIngvOUC OF 1t. «NOW, Now. Low,-you Can push that I 
really don't know. 

When you get down to very small fibers, what 
you tend to find is that there are a lot of filter artifacts, 
actually portions of the, on structures in the filter that you 
are not at liberty to discriminate from fibers. Under these 
circumstances, the smaller you get, the more of these you find. 

Q. To your knowledge, have the British done 
side-by-side comparisons of the counts that you get with the 
Magiscan as opposed to the counts which you get with ordinary 


optical microscopy? 
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Ae Yes? they have®teryes . 
Q. Are they finding a trend? 


AS Gohe machine «initially produced. Sothiseis 
work done at Manchester University...initially produced counts 
which were somewhat higher than the human operators were producing, 
and indeed the way that they got over this...well, I won't say 

it's a problem...was to degrade the properties of the objective 
lens of the microscope. 

rs The situation was that the actual human counts 
were being made in one laboratory on one set of microscopes, and 
the counts on the same samples on the Magiscan were being done on 
a superior grade of microscope. It was a research microscope. 
Consequently, the Magiscan was seeing more 

fibers than the human operators were, so this was...at that time... 
15) Strictly thought off.asWa idifference tin microscopes. It was 
possible to get the two numbers to run reasonably parallel. 

Q. I see. And it has the advantage of 
consistency? 

Ae Yesi 

Q. What is happening in the Brish workplace 
20| is that samples are all being fed into this central machine? 

Da Nowe tiat "Ss impractical, “That's =just for 

the government control purposes. I believe that the people at 
Turner Brothers have in fact purchased a Magiscan as well. 

QO. Mel tseeastihencthe ctherimethod (that tyoutspoke 
25 of; scanning microscopy, is»that ‘still“in’an experimental stage 

Or is that a method that is being utilized anywhere? 

A. That's still experimental. 

Ontedust veryibrie tly Wei sili tisomethingethat 

we can expect on the horizon very shortly, or is there still a 
lot of work to be done? 

Ae CNotera lot tof work! itotbe: idonewsieSeepione.of 


the things here is that the business of crossed fibers has to be 
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A. (cont'd.) addressed. Where you have the 
fiber aggregates, there are a lot of fibers crossing each other. 
Humangoperators @ind thated1 ficult tovdeal with." A computer finds 
Ut relativelyseasy; 1£81tts "programmed to do it. 

The image analysis devices on the market so far 
have never been able to handle this kind of problem. The system 
we have got, it does in fact take the aggregates apart and report 
the fibers separately, as best it can. It would do as good as 
youmor Iswouldvdoswith. asdtagram. 

OL mel wvakerrt.. wilinte report Liberssotrall 
sizes? 

A. Yes. 

Os eebeCalseuie,s not optical? 

Ae NO. 

OCR aWrl i Gereporteby fiber type? 

AY es Atte can. PRL say 1t can, we already have 
this programmed into the machine. It does, in fact, measure the 
Composition, of *each fiber "asmve does’ Wt. 

OF Wis sthe o2nternatronal community looking vat 
this method? 

Ae. NGC Vet? 

Oy Wome yeu 

One other...just to get away from these methods 
for a moment...but one other question I wanted to ask you about, 
counting. When Mr. Berry testified before us, he spoke about the 
various dust levels and fiber counts at the Rochdale Textile Plant. 
As I recall, during cross-examination one of the papers that was 
put to him was a recent paper by Peto, which suggested, as I recall 
it, that if one counted or measured first of all using personal 
sampling as opposed to area sampling, and if one also used a 
graticule method of measurement as opposed to a full view method 
of measurement, that one would get considerably higher counts. 


That is, graticule over full view and personal sampling over area 
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Q. (cont'd.) sampling would both give you 
higher measurement counts, and therefore Peto attempted to 
recalculate the dust levels that had been previously seen in 
epidemiological studies at Rochdale. I can't recall the figures, 


but they were certainly higher. 


COnclusion? CO Comey tO, INF your Opinion: 

A. Yes. The full field versus the graticule 
“pf count, immediately you go away from the center in an optical 
microscope field, then you are going to peripheral optics where 
the resolution is not as good’ as’ it isin’ the-middlezteif vow do 
a full field count, you will not see the smallest fibers in the 
outer parts of the field of view. 

By doing a graticule count, you are at least 
15| COnfining your observations to the best region of the optics, 

sO you are able to see as well as the microscope will let you see. 
The question of personal samples rather than 
the static, the position samples, generally our observations 

have been, at any rate, that if the sampler follows the worker, 
then there is a higher number comes out. 

29 Ow” 4Can rf ust "finally. because? Pdonet wantgaco 
detain you too long, just ask you one or two general questions 
about some of your studies in relation to the environment? I know 
you did a major study or participated in a major study on drinking 
water supply systems. Can I just ask you as a general conclusion, 
95| OF let me ask you the question first, in respect of Ontario alone, 
how many systems did you look at? 

A. Do we have that here? 
Opel CireniierSc'. 

A. © Calr’t remember... ¢ 
Q. Tab eleven. 

Ae “SOUL: 

Q. Tab eleven. 


A. Tab eleven? 
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MISS KAHN: That book right there. 
THEAWL Ni Sorte Olle Okoys 91) VE USC. GOL. 1t- 


Okay. 

Yes, if you see on page nine of that document, 
at eighteen locations in Ontario...locations which represented 
Fifty-six percent of the provincial population. 

MR. LASKIN: Q. May I ask you just as a general 
conclusion, whether you did conclude one way or the other whether 
10/ there was any problem, if I can use that term with all that it 
connotes, but was there any problem insofar as you were, found in 
any of these systems in Ontario? 

THE WITNESS: A. I won’ t use the word problem. 

Liwould say thatuthe majority of Che locations 
where the...the concentration were essentially zero. In other 
i words, they were close to our detection levels. 

I remember two exceptions. one of which was 
Thunder Bay, which gave, I believe, two or three million fibers 
per Jiter. 

The other one was Hearst, Ontario, which the 
20; water was a difficult problem of analysis, and one of the things 
that I have not mentioned in the general context of detection 
levels, if there is a lot of other suspended material in water, 
then...and you are looking for a few asbestos fibers...you are 
forced into a specimen preparation where the detection of one 
fiber is going to correspond to a high concentration of asbestos. 
25! That is not a very satisfactory way of reporting the result, but 
really there is no alternative at this time. 

Hearst was a situation where one fiber would 
: correspond to a reasonable concentration of perhaps point three 
or point four million...I can't remember the actual numbers. 

Tilbury, Ontario, was an extreme case of that, 


30 
where the water was so dirty in other respects that the one fiber 


pj ac cart 
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Be (COnb.Ga.) = Lound Invthat analysis ,.slobelieve, 
corresponded to seven million per liter, and really you cannot 
place any reliance on that kind of measurement. 

So those were really the only high numbers... 
"high", quotes...which were found in Ontario, and the rest of them 
were at essentially the detection level. 

O. Can gyou give us ~some context. of sthe 
Significance of the levels at Thunder Bay and Hearst? 

a0 A. Detection levels we aimed at were approximately 
| point one, million fibers per liter. That's ten to the five fibers 
per liter. In Thunder Bay, Ontario, chrysotile asbestos was running 
up into the two point eight million per liter in the distribution 
system. I've always preached the philosophy that one does not 

regard fiber counts as a single number. You always regard it as 

iS) 2 range, and you will see that.,.. 

O. What page are you onz 

A. Hmm? 

Q. What page are you on? 

Aer all.. Ol, ale & nor mimbered. (lites probably 
in the appendix and the number isn't reproduced. 

ay DR. DUPRE: Table six, page thirty-one. 

THE WLINESS: sOrGye 

DR. DUPRE: Table six, on page .thizvty—one? 
THE WOUUINE Sows acon to have wa number on this. 
MRoe LASKIN.. O. 2, Are vou onthe, Resi ia lor 
26 Analysis? 

THE WITNESS: I am on the results, yes. I am 

in the results section. 

Q. On Thunder Bay? 

A. Yes. These are generally very low. You see 
that in some cases the ninety-five percent confidence interval 
extends essentially to zero. 


Q. Meaning that the measurements that you found 
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Ountcon@ ide) ewoUlLdsuot be statistically 


Siqna ficante 
P A. They are not statistically different from Zero. 
‘ One ECOMeZero. 
: Does the same general conclusion apply to Hearst? 
Da bealee USte Looksae that: Hearst? No. 
No, in the case of Hearst, the results are quite 
significant. The question here crops up of how we have defined 
10| asbestos. The methodology as specified are that we have to be 
able to demonstrate that some fibers in the sample are the species 
: that we are counting by selected aeroelectron diffraction. 
We did find identified asbestos fibers in these 
samples, but the majority of the fibers counted, you see sixteen, 
: fifteen and ten...were in fact just identified on the basis of 
Ws morphology, but they were similar to the ones which were identified. 
: Q. Was there, to your knowledge, any remedial 
action of any kind taken either in Thunder Bay or in Hearst, following 
) the publication Ofyinis.study? 
A. Not to my knowledge. 
20 DR. DUPRE: You would recommend...did you 
recommend any? 
THE WITNESS: I didn't recommend any. It wasn't 
my terms of reference to make recommendations. Certarnhy s..tetns 
ital tathisaway-oel would drink he wwaler. at 16 the main problem 
| that we are concerned with in that case is not the asbestos. 
25 DR. UFFEN: Is it correct that the figure you 
did obtain meets the current regulations for fiber counts in air? 
I think...two point one times seven-six fibers per LLter,; on the 
| equivalent two point one fibers per c.c., if thas Nad! been ined lo, 
was comparable with the existing guidelines or regulations? 
) ad THE WITNESS: There are not regulations for water. 


MR. LASKIN: That was going to be my question. 
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THE WITNESS: There are no guidelines or 


regulations, to my knowledge, for water. 

DR. UFFEN: The regulations that used to exist 
iy Bricain, wtwOmrtperorpeumce.c sy) close, COuLiace 

THE WITNESS: You would be talking about two 
thotisand per Liter in thaty case. 

DR. UFFEN: Two thousand? 

THE WITNESS: Yes. We are talking two million 
here. 

DRE UrPEN week git.  Lnanks. 

MR. LASKIN: Q. Are there jurisdictions which 


10 


do prescribe a standard, to your knowledge, for concentrations of 
asbestos in water supplies? 

THE WITNESS: A.- I'm not aware of any. 

AS DR. UFFEN: It would be significant, even 
though it's a thousand times greater, you would be drinking it, 
NOt sina ying te 

THE WITNESS: Yes. 

MR. LASKIN: Mr. Chairman, those are all of 
the questions I have. 

| 20 DR. MUSTARD: Excuse me, one thing. Could you 
contrast Thetford Mines with Thunder Bay? In that water analysis? 
THE WITNESS: Why do you select Thetford Mines? 
DR. MUSTARD: Because Thetford Mines has got 
about. a hundred times “as muciv asbestos f£1bers an your calculations. 
If you said what you did about the water supply in Thunder Bay, 
what about in Thetford Mines? 


MR. LASKIN: He wants to know whether you 


25 


WOM Cl Ct trie tere 

THE WLINESS: Oh, yes, I have. 

If you look at Baie Verte, Newfoundland, you'll 
find it even more impressive. 


DRe MUSTARD: * YOuvcan Include “that in your 
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DR. MUSTARD: (cont'd. ) comments as well. Is 


that a significant level? 

THE WITNESS: It's a very measurable level. 

I think the question we have to address is that no one has laid 
down any health-related observations for drinking water, as yet. 

I think it requires epidemiology to see if there is any difference 
between disease incidence and these different locations. 

MR. LASKIN: O% “JUST NONne~Olher=questi1on, i'm 
10} SOrry, just on perhaps a different point in the environment. 

Has, or have you been engaged in any air 
sampling in the general environment with respect to asbestos 
content? 

THE WITNESS: A. Yes. Well, we've done quite 
a lot of work on the schools issue, of course. This has involved 
5} taking air samples inside buildings - not only the schools, but 
also: a number Of commercial buildings?” airport? buildings, this kind 
of thing, in order to give a measurement of what the airborne 
concentration of asbestos is. We have also been involved in the... 
you probably have copies of the document...the airborne work that 
was done in the Toronto subway. 

Bie Yes. 

Ae ete cClinkwtracwseal. “Can tTeca! liat. thie 


20 


moment. 

Q. Are those measurements in fibers, or are 
they fiber-count measurements? 

25 A. They are fiber counts. 

QO. Your work with respect to measurement in 
buildings, 1s that” Yet published? 

A. No. 

Dyce lt WGN fag fol ed ba 0 f= eee ey 

A. Except in some of the individual school 


boards, of course, they may very well have the data for release. 
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= o> = Chatfield, in-ch 

On eves ee Gan-you just generally, can you 
recall the kinds of levels that you were finding in schools? 

A. Whether the asbestos has been removed or 
whether it is still there, we seem to...we are able to meet the 
Ontario environmental guideline of point zero four fibers longer 
than five micrometers mingpracti cally every situation.» Lt don’t. +. 
on a number of occasions we have found that after removal the 
‘levels were actually elevated as a consequence, presumably, of 
not an adequate cleanup of the building after the removal. 

But we: have not gone into. a bualding, and« taken 
air samples and found any concentration which exceeded the point 
zero four governmental guideline. 

There are always fibers, but then there are always 
fibers outside the front door as well. Not many, usually going up 
EOeDernaps, maybe pointvone Or point wwoetibers pemamillilater. 
sometimes a little higher. But they are all small ones, very rarely 
coming across a background fiber longer than five. 

Q. These are for school boards you have already 
Gealtlwith andygiven the results to, tetake,ite 

Dow YESS: 

Me uASCR INS en Thanks). Mis Citaa rman. 

DReROUPERE. githanksvou, Counsel’. 

Have the parties got a batting order for me? 

MR. MeNAMEER <ea%es, 2b ll go finst,.-Mi. .Chaumiman. 

DR. DUPRE: Mr. McNamee, you are going to lead 
OLE? 

MR. MCNAMEE: I would like to introduce, sitting 
Ongiy sright, Mu. TomePang, .who .1S..the.senior scientists with the 
Occupational Health Laboratory, Ministry of Labour, and he just 
took delivery of a new electron microscope this morning so he is 
very interested in the evidence given that his microscope does 
both the TEM and SEM, so .I.guess that's a little bit...a fairly 
sophisticated model. 
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- 96 - Chatfield, cr-ex 
CROSS-EXAMINATION BY MR. McCNAMEE 


O., UUSIA tO... .VOU were talking about the schools 
and measurement of the environmental level, which is point zero four 
fibers per c.c. greater than five microns in length? Is that 
correct? 

A. Sorry. Would you say that again? 

Q. The standard that you are using for the 
school testing, you are using the environmental standard of point 
Zero) LOUT ? 

A. We have, in any reports we have issued, we 
have compared the levels we got with that particular level, in the 
absence of any other information. 

QO. Are’ you measuring this with electron 
microscopes, or the optical, using the optical measurements? 

A. Using electron microscopy. We have taken 
the view that we will not do phase contrast outside of the 
workplace. 

Q. Well then if you are using this electron 
you are probably getting...you are getting higher readings 
relevant...your point zero four with the electron microscope might 
work Cut CO point zero one with the optical, in view Of the fact 
that you have indicated that the optical microscope doesn't pick 
Up ea LOU sOd sretaa 

A. Well, let's look at it another way. We 
would perhaps be getting the detection limit of the optical 
microscope. In other words, the result saying not more than point 
one, which is the only thing you could say optically, versus an 
actual measurement of the number of fibers by the electron microscope, 
and indeed we may very well still be saying less than point zero 
POUL-. BDUt In actual sftact, most, of our reports will an fact be 
less than point zero zero four. In other words, we have aimed 
Our measurements at a factor of ten, less concentration than the 


Ontario guideline. 
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- 97 - Chatfield, cr-ex 

Q. Yes. And you were speaking about water 
Sampling. Wouldsg tebe faire lO sayy ror the particles vyoutare* talking 
about, and these water samples, would be more fibrils rather than 
fibers and you could see them only under the electron microscope, 
most of these water particles? 

Would you be able to see them under the optical 
microscope? 

A. You would not see fibers...fibers in water 
samples you will not see in an optical microscope at all. 

Q. They are small? 

A. Very, very small. The mean length is usually 
around two micrometers. 

Of, het 's®goUback™to ftherelectron=microseope. 
You've already indicated the initial capital cost, and in view of 
the fact that some of these workplace environments you might want 
to have a number of samples each day, say over the course of a 
number of day, how long does it take with the electron microscope 
to analyze a sample? How many hours? 

You have indicated... 

As “Yess Siethinkyeagain; se eathnink we have’ to 
look at the thing as to the measurement we are trying to produce. 
In a workplace sample the requirement for identification would 
not be anything so large as it is in an environmental sample. 

A count done on an electron microscope, whether it be a scanning 
OLETEMMywouldvbe Snot sigificantly “highersthanYthat=on+a phase 
contrast microscope, provided we were not indulging in identification. 

We have to count a certain number of fibers. 
The one thing I would say is that the fatigue effect on the 
operator might be a lot less using electron microscopy than using 
the phase contrast. 

The actual time for an environment sample, 
involving all the identification procedures, would be something 


of the order of about three to four hours on the microscope, and 
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, oe Chatfield, cr-ex 
A. (cont'd.) maybe an hour or two of specimen 
preparation at the front end. So you are talking an expensive 
| analysis. 
5 Qe sayedutesty siakeua three or four hour test 
like you are talking about, what would that cost, five hundred 
dollars? 
A. Approximately. We are charging four-fifty 
at the moment, and that. -Kinds,or, number. 


Q. Mr. Pang gave me a question, so if I 


r; Stump le a brteon st tf hopesnic helos mesouc. 
| He has indicated to me that...maybe you can 
correct me if I'm wrong...that some amphiboles in their natural 
state are not fibers, and he suggestedriebeckite and tremolite 
when it's mixed with talc. 
15 A. Before mining? 

O.. Yes, before manning, thatyyou often find 
these are similar in chemical composition to, some of the 
asbestos—type amphiboles...like crocodilite, but they are not 
fibers. 

Apes es Chat Smid Cert oiit. 

Zo OO” That, in the mining process that. Chese 
substances might be crushed and then become fibrous and airborne? 

Aw Yes a be don’t lake "the word. “become; 
faprous. Could...’ would Naveator treter you atethat point to a 
paper by Wiley, from University of Maryland, who had in fact 

oe taken fibrous and nonfibrous amphiboles and crushed them and 


produced aspect ratios distributions to try to discriminate 
between the fibrous and the nonfibrous versions. 
Thc iceamo te Onan OLOO ren becalsces tlic 
chemistry and the chrystallography are practically identical. 
Ov BWOUlLdet be atarr LOssctateathiatoin 
30| testing adherence to proposed standards that when these...if I 


can use the term...when these amphiboles became fibrous...and again 
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- 99 - Chatfield, cr-ex 
One Conte) we bamucing that term... would they 


then be covered by this guideline, they would be regarded as 
coming within the point two, or whatever, guideline? They would 
DercOunMteL... 1c 

hee The Situation else that rf yOu nave ca 
nonfibrous amphibole such asriebeckite, and you grind it up, 
then there will be a large number of fragments which exceed the 
three-to-one aspect ratio. This is precisely why I, as an 

10| electroc microscopist say, would like to see a ten-to-one aspect 
ratio, because that, to some extent, removes the ambiguity between 
the fibrous and the nonfibrous versions. 

Ten-to-one is an aspect ratio which very rarely 
occurs in a groundup riebeckite, but the three-to-ones do occur 

in groundup crocidolite, which is chemically the same. 

15 So you are quite right, that groundup riebeckite 
will produce fragments which are going to be counted under any 
criterion we have. 

Q. I believe I have one or two other questions. 
In the paper you have given us this morning, 
Ontario Research Foundation, has that got an exhibit number? 


20 
MISS KAHN: Yes. We called it tab nineteen of 


exnub Pea twencly—o1 Reese 
MR. MCNAMEE: Tab nineteen... 
MISS KAHN: -Twenty-seven, SOrry. 
MR. MCNAMEE: QQ. ...of exhibit twenty-seven. 
25 Tfsvou go to, figure eight and figure nine, which 
are on page sixteen, if I recall your evidence this morning.:.have 
yVOuUNgGOts ChOSe, Sit? 

THE WITNESS: A. Oh, yes. Okay. 

Q. If I recall your evidence this morning, you 
indicated that these were respirable fibers or respirable bundles? 


30 : 
A. It depends on how we are going to define 


| 
5 87 (6/76) 7540-1171 


~ ee. a i 
7 9 4 7 
a - bed yas — | _ | 
no” Loow. -, ate? Sti in pitt aw ‘— | rane _o ” : v 
1 ee eias cy, od Stow Ya At fr bhug hit ae titan va te be 


a Dbieew ya Fanife ait 7 evesndy tty —— sitaataet ai rasa galme OE | 


at 
: ; _ va t a ©... shades jon | { 
|  “S p¥ar poy TL Said 2h niigaviiz ai? a ow | 


5 


(Sv oF Baizg mor faa .e ease rcin: eG f isae efiie tiigms evoadi= ans 


Gt 56aonn vigiiw aifentperd $A teclauis eitel &-set Ili ais ners 
— maT. | : 
f 6 «ft Yiw yleeicase el eist -oiss s5ece5 aa ates 


; 
IOS§jes s50-o%-net 6 wen of oxtil Bide ,f28 F2igeoabsc kt 5a7y20 vee vt 
a 


“= Aeee7ed Esti ta qt Gavoney .daetes emte &4+ ted? adc see O15, ( é 
: » Pita a2V¥ BUG? i 2HiOn >i One Bvod tS Sii2 
f : 
ee. (f= ¢ f @ ids t $740 " a - ar => oP We 
-HSO0 Oh So7-GI<oe2t sat G6d asd: Seuets GVontwash 6 nr aTlMSo 
i ’ - f 
‘ i 
any ete yif{tcotteto al Aortw cadiicoht 2OTs. qeiniunsp as 
f ; af 
Sis 2 Guocvearp Jens , ide. ow fi 96 yoy pi was 
' 7 d : 
; WZ a cri a « na ee ¢ | »9 Lz. [ my e201 iad oe ¢ ube Ls 4 I iw | : 
7 | 
. Sv2d on meis95 le: | 
i > 
E704326 2ar28 Cws §O Cao aval @veliag 1 2 . 
o Pets rs: city ao GSvVip evar voy .széusq ea) at 
sedis 2: 3idee na Son’ Padd ‘esd vuoltetase? dasvesasa cixesad oy’ | 
“ r, 7 - ae ~~ f ” 
_- \ 30 mista dey ai belies OW .d4y- eRe tC} | 
; ad 7 , in 
” sei arysoows Sidinxe 
' 4 ’ ; a, + ‘ a 7 - 
4 of >)  P to. 2 TF > id 
- : ; i @ - (ie sad =e Lp 84) Va? »- & 2) 4 Y= ail a r r y | a 
Ws \favse-ysaewy : MOAN BEN | 
' 7 7 7 , 
7 77 A —- 
+ y 2 Ss (apie a y 
‘ Se a et We «¢ slatted ala ah ed radars 7 
. bs 


> * soa a: thi nayesS Gara’ 94 (pie wHugtt Red oD 


ge hs 
— ey i tad Bi ey onnens ll auoy fisoes 


—— - te. 


' : ae 
i - - a ; 


= » 4x0 ~atey HO. a 
oe enitexeh eid is ae yo xb ines a 


f) Sy a ibacd siduziqe ae 43 whds xs 


oh 
ey ai ‘sie 3 et as = 


Pe 


- 100 - Chatfield, cr-ex 
| Re (cont"d.) vespirable, chutizfewe tookathe 
latest EPA recommendations on the topic, a ten micrometer unit 
density sphere would approximate to approximately eight point six 
s| microns...sorry, fifteen micron unit density sphere would 
| approximate to about eight or nine micrometers, and this would, by 
thatedebinition, fall into the respirable category. 
Q. Do I understand that with some materials 
there iis ‘somethingrcallédvaisize Selector thatwyougseparate: the 


respirable particles? 


Wy AS SWith some .airesamplers? 
OO. Yes. 
A. Well, there are a number of devices that 
you can use. The most popular one of the day is known as a 
dichotomous sampler, which is designed to separate the respirable 
4 from the nonrespirable. 
Themprobiiemtwethrthisherwell; febrs put reethis 


way. The earlier versions of size separators could involve these 
aggregates being impacted against a surface and releasing some of 
the attached material. 

The dichotomous sampler blows a jet of air 
20} into a container and air is being pulled out by a tube which is 


exactly on the axis. The heavy stuff goes straight on down the 


first tube, and the lighter material follows the flow lines and 
goes around the outside of the tube and is exhaused throughs a 
separate filter. So you end up with two filters, one containing 
respirable and one containing nonrespirable. 
oe Again, one has to be very careful about the 
definition of respirable at this point. That's an instrumental 
characteristic, and the instrument’ has to be carefully designed 
to reproduce what characteristics you want. 
QW Theitype ofe thing yout are» talkangtabout, 
39} would it catch this type of bundle shown on figure eight? 
A. YI would suspect that that..as I say, by the 
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Ny Vigstelgae visa) definition of fifteen microns unit 


density, a device designed to separate the respirable component, 
this would end up in the respirable component fraction. 

If the instrument was designed differently, it 
could be arranged that that did not go through the respirable 
Pracea Ol. 

As I say, when we are in a situation where 
respirable diameter of particles has been thought of as being 
ten micrometers for so long, and then there is now a suspicion 

| 10; that we should be using fifteen, then the instruments will have 
to be redesigned to accommodate that. 

Q. I have one last question. You have 
indicated that one of the deficiencies of the optical microscope 
is thate it doesn't...you can't count the fibers below a certain 
v diameter. Can you give any ratios...with the electron microscope 
you can obviously count almost every fiber...is there any ratio, 
are there any ratios you could give us with respect to, saya 
number of fibers, say ten fibers greater than five micrometers 

in length with a three-to-one aspect ratio were counted on a 
sample by optical microscope. Then it was put under the electron 
2iemicCroscope, and you count all the fibers, whatikind of ratios are 
you getting? Ten to one? 

A. That is dependent on the size distribution, 
of course...the actual work station. But we have seen numbers 
ranging from four to one, three not seen versus one seen by 

ODL LCale MmiCrTOSCOpY ; iLO aSenron, ast iLery tOsOle wm This sagan, 

28| varies with the Size distribution that you happen to have: 

Q. So the greater numbers, the greater ratios 
would be biased towards the smaller fibers, in the fifty to one 
that you found, and they are very small fibers? For instance, 
three to one might be found in the ones that are close to the 
resolution limit of the optical microscope? 


A The three to one would be where most of the 
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A. (cont'd.) fibers happened to be big ones, 


happened to be big diameters. In other words, in an operation 
where the large amount of asbestos was being used and where the 
majority of the material was still present as bundles, when the 
material Gs being broken down further, such as in a textile 
Operation, then the fibers generally will be thinner. You would 
be seeing a smaller proportion of them by optical microscopy. 

O. Will you have “any idea.;-you have indicated 
| 19| that between the mining of the asbestos and the eventual 
manufacturing of the asbestos pipe, or whatever, that these 
materials are broken down. Do you have any idea, say, that we 
have a mining operation where you have..just for example...say 
ten percent of the fibers are longer than five microns, and 
then that material is then processed into, say, asbestos pipe. 
15} Do you have any idea, would it broken down...say two percent of 
the fibers would be reduced to...you would have only say two 
percent of the fibers longer than five microns? Have you any 
ratios there? 

M. Saye that-agatn. eh dain gece tic Convcext 
of the asbestos pipe. 
a On? =yYou' can ‘obviously, from what you Nave seid, 
you could take a sample at the mine and especidlly, ‘say ‘chrysotile 
fibers, and you could probably determine what percentage of... 
whether by mass or by number...are longer than five MLeLOons sin 
length, or any particular length you choose. And you have 
95| indicated that these fibers, in all these processes of manufacturing, 
are broken down further by either crocidolite breaks down and 
also chrysotile breaks down into fibrils, smaller fibers, have 
you got any idea of the...maybe it is an awkward question..of 
the breakdown ratio or what...? 

AP @ Not really.) © think the best I ‘could say 


is that any manipulation of the material is going to generate 
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=P LOS. = Chatfield, cr-ex 
A. (eont'd.) smallersfibers. »And,in»the\ case 
of the asbestos cement industry, one is going to bring in other 
material iwhicheisegoeing tombe attachedatontibers: » So;in,other 
wordssmtheamaterial youpeind ansaneaimesampile 1s goingytonbe 
material attached to pieces of cement. 
MR. MCNAMEE: Those are my questions. Thank 


you very much. 


CROSS-EXAMINATION BY MR. SAMPSON 


Oneal guesser wouldpdike to startgourywithesert 
of a general question to make sure I understand this notion of 
confidence limits. I noted in a couple of papers you...that were 
submitted...that you stress the need when reporting measurements, 
ambient measurements or water measurements or even workplace 
measurements, to include a distribution or a confidence limit. 

Could you sort of elaborate on why that's 
important? 

A taYeseeewe liye theud mporcancestsnwherea yout are 
going to compare two numbers. If I have, say, five fibers per 
mil and six fibers per mil, I may want to demonstrate that five 
is actually a lower number than six. I may have calculated that 
they are, but in actual fact the next time I try and measure that 
five, I may get six, I may get seven. There is a spread of numbers 
which, depending on the sample that I'm counting, I may very well 
find that I can get a whole series of numbers. The average will be 
about five, but we need to express what is the probability, what 
is the range of numbers which I can have with that data that I 
have collected. What is the range of numbers which includes 
ninety-five percent of the measurements that I will make. 

I can pick ninety-nine percent if I wish, but 
then the range gets bigger. So we normally pick ninety-five 


percent. 
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- 104 - Chatfield, cr-ex 

Be, Gconte"'d.)) Insother words), there:sgs ronly then 
apauieve oercent rchance pecwo-and-=q-nalt rpercentsechancesthat “the 
value will be more than that, and a two-and-a-half percent chance 
that the value will be below that range. And so when we come to 
compare two numbers, we have to look at the way in which these 
ranges overlap each other. There are defined statistical tests 
to say tis ‘that number really lower, *orsis «thus; just a rconsequence 
of my measuring technique. 

Q. When you are comparing two numbers, that 
doesn't have to be two measurements, does it? You could be 
comparing a measurement against a standard or permissible limit 
of some kind? 
Awmayves:. 

Q. And still have this problem? 

AvaasOr2nves’. 

On S0O- thatetheotetircally,;,  3ust to throw oue- an 
example, if the standard is two fibers per c.c. and the variation 
is broad enough and I measured three fibers per c.c., I could still 
conclude that there is a more than five percent chance that I'm 

in compliance? 

A. Itswdepends which *side,of the «fence youcare on. 
T£ I am in the situation of the government where, before I take 
aMvioOnesco tcount ar wantetoqube sure? absolutely ‘sure, as sure’ as 
I can be that they are out of compliance, then I would try to 
make sure that my lower confidence limit exceeded two. 

Andhif Lim onethes,otheraside,;..b try sto, make 
sure that the upper confidence limit is below two. 

In that way there is some guarantee, pretty 
well guarantee, or at least a certain degree of confidence that 
any amount of measurements would never prove anything different. 

Q. I realize that your testimony goes mainly 
to the question of the precision of the measurement technique, 


but I was wondering in examining that issue whether you came across 
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- 105 - Chatfield, cr-ex 

O. (Cone ds) “any tnfOrmatron@indicatingrthat, 
quite apart from the measurement technique itself, that the 
actual concentration, the dust cloud in a workplace, or the 
concentration of asbestos in the ambient air or in the water, 
Stselt MNthat® concentratione! eselrtevaries randomly, “and that’ in 
other words there is some confidence limit that surrounds the 
concentration itself, wholly apart from imprecision in the 
measurement technique? 

APPS THEGreGtobviousiyFis;*but thisY¥is@the*concept 
of using a personal sampler. The sample is taken to integrate 
what the worker has just been exposed to throughout the work shift. 

Q. “Throughout the day, but could there be 
variations between days? 

A. Certainly, but that can only be determined 
by doing repeated measurements to get some feel for the extent of 
Gnetvarrzation. 

Q. So the only way you would ever know that 
would be to really measure it continuously day after day after day? 

A. That's the only way you would actually know, 
yes. 

Q. Okay. Would that same sort of variation 
Eromedaysto-day -alsovapplyeinvatrecencentrations=and"in water 
concentrations of asbestos fibers? 

SO thatenityoues fl guess what*l*m'getting at is 
the idea of using grab samples or very short-term measurements to 
try to characterize what our exposure to asbestos in the air or 
in’the water’is. If there are wide variations, then that's also 
subject to some confidence bands, I would assume? 

Ay *Céentainiy;8and in’thatvedse=you tcan only 
do it by many repeated measurements of the same source. 

QO. Do you have any idea of how great a 
variation you are likely to see over a period of, say a year, in, 


let's take ambient air measurements at a single location, precisely 
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06 — Chatfield, cr-ex 

Q. (cont'd.) the same location, over a period 
of a year? 

Wt eNO trreally.re wel vel only .got,, as; Lisay, a 
series! of igrabesamples ihord cooks at, fins this: context,ebut ithe Toronto 
subway numbers which were produced as a confirmation of some 
earlier work were entirely consistent with the earlier work, in that 
case. 

We don't see, for example, a vast variation 
in the ambient air measurements we are making in buildings. We 
see them all down to a very, very low level. We just don't see... 
wes Gontity gorin lone: daynand ef ind) thempup byl ~factorn of ten js\This 
isealis, vou cknow,t factors? of stwolom three and well within the 
statistics of ‘the mctualsicaunting. 

OAmOkKa vee Ha think souNsaiciall Wmanotesure I 
heard you correctly, in response to a question from Mr. Laskin, 
that you didn't feel as though it is possible to reliably measure, 
in the: workplace, fat aielevel of}., think you Saad gooime two 
fibers._ Gouldwyou relaborate.on thatjra, little stbit 2 ¢ Why-tes, this 
the isame: sort rot statistical ~lunabi-bity, to pstabistical lywiidatterentiate 
from eZero pethat tou twere. 

A. cebtsethe*isame «situation. pit youhiave ia 
detectible limit on your measurement of point one, then if I come 
along and make a measurement of point two, I put a confidence 
interval on that for my measurement, and I'll find that I'm 
going down below my detection level. So essentially I'm proving 
that the measurement I've just made is no different from my 
detection level. 

Unless you can show that the measurement is 
statistically valid, then this is an unworkable level. 

Q. How high do you have to get above point two 
before you reach a point where you do have a detectible, a standard 


Phat tasteasiple win tthe; sense thatei t' sudetectible? 
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- 107 - Ghatrieid;, cr-ex 
Be Well, G@-idid@respond, th®tbelveveptthat of felt 
that Jone fiberSper mil twas!amisable number. “I would trefer® you to 
the AIA reference method for reference of asbestos, in which it's 
generally agreed there that the value, detection level rests 
somewhere between point one and point five. There is, in fact, 
some, perhaps some controversy over the actual value. 

Q. You mention on page four of tab nineteen 
that, the statement you submitted today, the number of reasons for 
the variability in cthe optical microscopy method. You talk about 
instrument variation, fawethea <top cffpage’.fourm there, roperator 
subjectivity. Later down in the second full paragraph, variation 
between the competence and procedure between individual laboratories. 

I wonder whether you could expand a little bit 
on what you mean by instrumental variation, what types of 
instruments do you see variations in, and where the most 
sicniticarusvagirat tonstar a2 

A. As the methods are specified at the moment, 
there are a number of different methods, a number of different 
graticules being used in the microscopes...occupying a larger or 
srablermarea onathaitotal field of “view, and you remember the 
comment that a phase contrast ‘fiber count made overya full field 
of view generally turns in a lower answer than working with a 
repeated number of graticule areas in the center where the optics 
are better. 

In those cases, one will be using worse optics 
decome areas of the larger graticules, so that is a difference 
between instruments being used essentially for the same measurement. 

The €other tthing#isiethat tthe qualutyeor 
objective lenses is really a function of how much you are 
prepared to pay for them. If you go and buy a Zeis objective 
Persie ol wullstinde1 tiwehl costayou a lot more Chan ‘a Bausch 


and Lomb objective lens. There is a reason for that, and the 
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As (COnte d.) teasoneis®thatethe optics of 
the Zeis lens will be substantially better than the Bausch and Lomb 
fore this ipurpese: 

There aresseand’ I'minot? going/to pick@names®here, 
butethersituationeis thatespeci fic obyectivess .insfact you®will 
find it referred: to in’ the AIA method, that even*microscopes of 
the same manufacture, there are good microscopes and bad 
MecrOoscOpesm@LOrecdoing Lhis, particular) jO0b, and attempts are 
i being made to standardize what is being used. 

At least if we can say, you buy a Zeis model 
such-and-such with this particular objective lens, and if 
eventually we begin to get some standards built-in, standards to 
calibrate or to establish that we really can see a point two 
micron fiber of chrysotile, that's the important thing, to determine 
15| that your visual acuity on the microscope is really what you think 
it. isMor whattthe methodrsayseiterst YAt=theemoment>there is no 
such standard sample to use. 

Attempts are being made on this, but as I say, 
they are not generally available at the moment. That is an 
instrumental variation. 

2 Q. Would there be any, in your experience, any 
instrumental variations at the sampling stage in the workplace 
context? For example, would the sampling pump be something that 
might be susceptible to imperfect performance from one day to the 
next, that might playsa role intthe total@variability ofthe 

25 method? 

Re seCentain yeesurethe pointeaboucethiseis 
that witha counting error that we have; thenya ten+percent'‘or 
five percent error in the total volume sampled is really rather 
minor. We don't normally consider that we are making major 
errors in the volume of air sampled. 

I think provided the things are being used as 


the method says they should be used, then we shouldn't encounter 
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A. (COnGld: )heanveerrorsgorathatstype. 


OF Somwhatavoularesesaying 1sS¥eyoure alecanit 
find it just paging through your statement:..but you mentioned 
this morning that fiber counts were differing by a factor of six 
in one study. Those difference or those variations are purely 
fiber counting or fiber identification differences that don't 
take account of additional instrument problems such as sampling 
pumps and things like that? 

ips A. Yes, because these were sectors of the 

| same filter. 

Q. These were...were these experienced 
counters that were involved in that? 

Awe wese 

Ops eSOsthatawouldybesanminimumovanration that 
15) yOUsmighterind inkaemethod?hetThe méthodtmay vary t(byecven greater 
margins than that if there are other variations that weren't 
tested in that particular interlaboratory experiment. 

Is there any estimate available of the total 
variability of the method from beginning to end? 

Aw sYournay efind dthat pin ethe AlAsdoecument: 

40) “uimenotesunes 

QO. Jalteyou did snow gehe wvartabrbhatyobathe 
method from beginning to end, would that help you define the 
confidence limits around a particular measurement? 

A. I don't think so, because we are measuring 
= here, we are making a measurement of the number of fibers on the 
Eilten, tandest wenstit is easy enough to buildin potential error 
from another source. The major error is always in this counting 
Dracedires plhe-s. Afurstecheahkl yourw sittat tistical gerrors ecannot 
be avoided unless you count lots of fibers. To get even within 
fifteen or twenty percent you really have to be counting in 
excess of a hundred fibers. If you count anything lower than that, 


the confidence interval just gets bigger and bigger. 
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Q. Do all these potential sources of variation 
we are talking about, counting difficulties, instrumentation 


variations and things like that, do they also apply when using 


5} electron microscopes and sampling? 

A. Well, not quite. We have no limit of 
visibility problem. If there is a fiber there, you see it. There 
is no question about that. 

The problem in the workplace atmosphere, using 
nG electron microscopy, I don't think there really is a problem 


because we largely know that the material that's fibrous on the 
sample is going to be asbestos. 
The problem with electron microscopy comes when 
we are trying to do a measurement in the ambient air. So eds 
Someone gives me a sample from a downtown Toronto location and 
15| says, is there asbestos in here, Veewert iicmany sy pers then Ltads 
an identification problem. That is where the expense of this 
procedure comes. 
Q. Is that where you would also see some variation 
that you wouldn't see in the optical microscopy context? 
In other words, does that produce an additional 
oe @ecree Of dirticuircy t0 the cdce Gf the ecbectron microscopist who 


is trying to do his job that may add another degree ChrvVarlapulrucy 


in that case? 

Re Well of course, dt One. time Lt was, ertner... 
the actual preparation methods for the electron microscope were not 
95| Very good. That has now been fixed. The preparation methods now 
are really very good. 

Variability in sample preparation used to be 
one of the major discrepancies. We don't have sample preparation 
problems for the transmission microscope now. 

The main source of variability may be our 
30) ability to identify the fibers, but what we have instituted now is 


a fiber classification scheme in which the operator says what he 
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RoetCOnE. dsyne Otay cosidenti ty each riber. That 
was certainly not recorded data in the past, and we have expanded 
Slaw igeys 

The question crops up as to what we are going 
to define as asbestos, and we take three-to-one aspect ratio still, 
we take a fiber and really do a very detailed crystallographic 
identification of it nowadays. But it's too expensive to do that 
on everything. There have to be some shortcuts. 

Q. That's the analysis that you mentioned 
before would cost four hundred and fifty to five hundred dollars? 

A. No. That would be closer to two thousand. 
We are talking here in the routine analysis of identifying the 
chemistry and...the chemistry of the fiber combined with perhaps 
some indications of its crystallography. If you want precise 
crystallography work done, it is a very time consuming business 
and you can spend two hours or so on a single fiber, involving 
a number of computer analyses afterwards. We are doing this 
quite regularly and have it down to a fine art, but it is not 
an easy job. 

Of slevdoeesn t sound Like othe kind of) thing 
you want to have a routine monitoring program for. 

DR. UFFEN: Could I insert a little question 
in here? 

MR. SAMPSON: Please do. 

DR. UFFEN: In the actual collection in the 
membrane filter of the sample, can anybody monkey with the thing? 
Is it covered up so that it is supposed to be collecting dust for 
excht noursuandeonly cOlLisct ett for two? 

THE WITNESS: Certainly. You can switch the 
pump off. If he was to just put something over the front, then 
presumably it would just...it's measuring airflow, so presumably 
it just wouldn't add up enough on the register of total volume. 


But I'm not quite sure what the procedure would be. Certainly our 
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| = 2 Chatfield, cr-ex 
THE WITNESS: (cont'd.) pumps have a total 
| integrated flow, which is the number of revolutions of the pump. 


But it also has a flow meter on the side, as well. 


| : DR. UFFEN: You would know if the pump got shut 
off? Would you have an independent method of determining whether 
that had been monkeyedwith? Is there any way of being sure that 
| it hasn't been monkeyed with while the pumps still were operating? 
THE WITNESS: In what way? 
10 DR. UFFEN: Covered over? 
THE WITNESS: Oh, you mean cover it over while... 
| with what intention? 
DR. UFFEN: To cheat. 
THE WITNESS: You mean to bring the numbers down? 
DR. SUPFEN s)) (Yes: 
ie MR. BAZIN: Or the reverse, put more on. 
DR. UPEENs 600 Dlow oncom Lu... 
THE WITNESS: Oh, of course it could. 
DR. UFFEN: Yes, One way Or the Other? 
THE WITNESS: Yes, of course. It's an open 
50 Pulte hel aces. 
DR. UFFEN: So that the present system has to 
be operated properly with no human foibles... 
THE WITNESS: With some good will from the 
person using the sampler, yes. 
DR. UFFEN: Right. 
25 MR. SAMPSON: ©. Okay, this isn“t going £0 
beweasy 7 LOsdo, oUt al om going (CO. Cry. 
What. mM trying to Gee ImLO 1s) patdgrapn sor 
section two-six of your statement today, which is tab nineteen. 
DR. DUPRE: What page? 
a MR. SAMPSON: Page twelve. 


MR. SAMPSON: Q. You say in here, "Use of an 
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- 113 - Chatfield, cr-ex 
Q. (cont'd.) "intermediate value standard 
between those for the two types would be 


unsatisfactory on a plant-wide basis". 


What do you mean by an intermediate value 
standard? Would that be sort of a weighted average of the two, 

or an average of the two standards? 

THE WETNESS eAs@ Well; “yous could thinkaot 

a weighted average or an average of the two standards. If someone 
fs is,using fifty percent chrysotile and fifty percent crocidolite, 

you could conceivably say well, maybe we had better apply a standard 
halfway between the point two and the one fiber per mil, whatever 

we are going to be using for the two different materials. 

Q. What do you see as the disadvantage of doing 
eet keys 

15 Aor MS SOLRry! 

Q. What do you see as the problem with doing 
thats SOLTHPOLT’ thangs 

A. The problem I see is that the individual 
WhO 1s receiying*and Manipulating the pure Crocidolite in part of 
the plant is in fact receivings..1s In™factunavinge cine wrong 

20/ standard applied to him. 

O-- “Whats 1fees and thiseds where 1 -stareseco 
Herwarrrrcult...bUG what it you allowed san employer, in effect, 

to establish...if the government established standards sort of 

on a guideline basis...let's say one fiber per c.c. for chrysotile, 
oe and point two for crocidolite, just’ ‘to takevan example.© .what 

if the government allowed employers on an operation-by-operation 
basis to adopt or to comply with these intermediate value 
standards, as* you' call them, so: that he would ‘account for, the 
situation where you have one operation where the worker is in 
fact dumping pure crocidolite fibers into a bin or something, and 
deserves the protection of the more stringent standard, but in 


another operation where there is mixed exposure to the two fiber 
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Q. (cont'd.) types, you would have an 
intermediate standard that reflected the relative weight or 
contribution of the two fiber types involved in that particular 
Operation? 

Did that come out clearly? 

Ay Yes. Se ledon scechink To would “be“terribly 
satisfactory, because one is not in the position to say what 
thevaigbornestcloud tsV® we “do not have any "rdentiftcation gorng 
on here. 
1° A quote from the British Columbia regulations, 
which were introduced effective October, 1979, in which ina 
mixed environment they defined the particles, the actual airborne 
material, by bulk sample of material, using polarized light 
microscopy, x-ray diffraction or electron microscopy, and then 
15 they applied the lowest standard. In other words, if you were 
operating In“an operation with chrysotile dnd crocidolite there, 
they would be applying point two to the whole operation. 

Q. Even if the crocidolite was point zero one 
percent of the total exposure? 

A. Well, I guess that's the purpose of the 
20; bulk examination, and presumably there they have some minimum 
concentration at which they would start applying that kind of 
argument. 

Os Would ert “bevany more “satrsfactory if you 
were to say that an employer could...rather than simply assume 
that the airborne concentration reflected the percentage of 
a various fiber types in the material being processed in a given 
operation, that the plant owner could, in effect, demonstrate...say 
by use. of electron microscopy...that a fairly stable relative 
concentration of the two types of fibers was present in the air 
for that operation, and then'having established that, set up a 
sort of intermediate value standard again using the term you've 


used, on that basis? 


| 87 (6/76) 7540-1171 


yidssuet ad boean o sritde aaa pen 7 ee 2 
jet qos ud watiieon end ht Jby ob Sito gatos \eiosoet pions | 
paioe neitegutingeds yas ave4 siob a .es nists ‘snendtie ads 
. samt Ao 
iperotsalypet Bidm@ied see 1g re Hest pase A F- 
end debt ab, O08! . tadatso ey ite tes fisobhor yn craw stadt 
eriodzis Legase eft, ualottzeg. 244. Sant ted) pis JhewOs Wwe ftoe dan 
Sigil boetasiog yates glaizstsn te elerpe Aird yo pietosder 
sed% for «yycratraic wed2e6le so noigurel tib. yearn yHoosonele 
srew yoy 3! ,.¢biow tenao nl -useigige {eaNol ded ‘Reilgge yolis 
vexed?) #tifobigc7zo: Sas el ,Amaysio Ag ty acitysege ts fl ealfteyeqa 
noi tb 7999 elonw ef? ¢1cws) Shiog ph iian ef Sivow yess 
sit opss sateg saw etilahisers eng ot raves 3p 
Seiveuias Tatoa mia 76 inncebe 
‘“oft.30 ce07tuy, efi e)sRA2 nese T sew, 4A 
numinin shor oven Yen sioas pidesgcrena: Ams payors asud 
So bolt tad ealyviqgs ganew Bluey yor eer je noi Jeasasnnos | 
temp ts 
bog tl yrodorietése exci yan ad st ‘Etvont 2 
~iweme vignie nad? 194%e%.,,.btepa cevolgie mp geds. yee 02 eaew 
‘TO ophtaeo3e9 ‘ed Redoal tox nobiatzeanoe @nxodziz sit Jon? 
novig = of benceoos@ pried: Suaeutin.dee- ot “peayd adi? ayotzay 
(O8., oJertuconeb ,J2e3%4.At sbiaes Smtq etd fads , anicaxeqe 
evasatod, eidese vo Sith, georgian nassel Ss em a | 
py spas sh at i; = Pyeakaa Wa ee a | 
35. eae ool Se a ie ee 


alien indo 


me NS = Chatfield, cr-ex 
| A. It depends how stable the airborne dust 
cloud could be. The point you made earlier that there may be a 
| variability here which we can't measure unless we measure it all 
s5| the time would then suggest that we would have to do electron 
| microscopy all the time, on every day, and that's not feasible. 
Q. I'm asking the question assuming we don't 
have all these measurement difficulties, and that we have a 


technique that has a detection limit that we can deal with at 


these levels. 
Me MR. SAMPSON: Okay, I think that's it for me. 
DR. DUPRE: Is this an appropriate moment to 
take a ten minute break? 
MR StGASKEN se [ gthank gso: 


ae THE INQUIRY RECESSED 


THE INQUIRY RESUMED 


MISS STOLLEY 2 anbtdo cfee hemeltt tle jout of my 
depth, but I'm going to try and wander into these waters that 
20| you presented this morning. 
CROSS-EXAMINATION BY MISS JOLLEY 
@. =kl wWanteto just coo, fovermua number jot the things 
that you said this morning so that I understand them, and therefore 
Petheniwant toereachtfa conclusion; 
I think in your discussion with Mr. Sampson 
a vyoursuggestedstinst obeallgthat there itswa possibility of 
variability happening in the actual sample taking on the plant 
floor. We are just talking about occupational exposures now...or 
I am. 
Then you have a situation where you are using 
39| @ phase contrast microscope which is a nonspecific kind of EOod. 


and you don't know what you are measuring there, you are assuming 
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sei Ae SS Chatfield, cr-ex 

Qeeslccontaaey) it's asbestos, but the phase 
CONCraASt MI Croscope CanmtceLi voUusthiat., I mean, itucany tel) 

YOU 10 sa fiber, 1s whatevou, told us this’ morning, 1s: that 
COLrecte 

INS A GST 

Q. Then you have a situation where you defined 
a fiber as an aspect ratio of three-to-one, and in one of your 
papers you said that that was a purely arbitrary figure selected 
invthe U.K. ? 

jee Wares 

Q. And you suggested perhaps that we move to 
ratio aspect of ten-to-one, but one might also move downwards and 
the ten-to-one, your suggestion, may I ask you a question there? 

Is there any biological significance of moving 
CO ten—-LO-One,, OF 1S) thatojust. purely for; more reliabelity ain 
Counting de 

A. You would find that there are some analysts 
who would support...sorry, I beg your pardon...some biologists 
would support the idea that a ten-to-one aspect ratio is going to 
be more toxic than a three-to-one. The problem is that the 
original suggestion of the ten-to-one aspect ratio change comes 
about because we are not able at the electron microscope level to 
discriminate between the fibrous and nonfibrous particles. 

In other words, if we have a sample of 
crocidolite, then there is always some proportion of that 
ecrocidolite that ts in a nonfibrous form. That's the riebeckite 
which was around the crocidolite when it was mined. 

This, unfortunately, we are not in a position 
to discriminate between the two, so you can find yourself going 
into a mine where fibrous crocidolite doesn't exist, but 
riebeckite does exist when we are mining some other material. 

For example, there are gold mines in which 


grunerite exists. Grunerite is the nonfibrous form of amosite, 


7540-1171 


_ , 
aes el = 
itea ten ai oem P ae taee ma BS eainad | 
guid 22 aime ang eee nee ae 
: Sagertoe | . 


tt oh 
banish were een MOldaur le &. SRA EY qe? 2d oe 
1003 96, te Mt bas “auDRcd atari "eo obits s9aqRe- Qe-wet tedit £6 ere 
befoolan-exepss yiestidse igi iA aww teits Jans Dies bry etegaq 
| 3:9 edf wi |, , 
| ae m. 
oe eran ow taht @g6ni97 heteapoces wir bok a) 
bis ebseurwtt evo oale. 3fpim sno aye «ate +hss 36 JoegeEs O4I]07 
etna: neitzevy 4 soy Xes 1 yam .ooidpepnee toy yGnn=oFf-tes afe 
oaivon *e epats7linpie Je>tpefoid «hs saeiit 2f 
mi yoilidarfios eicm 192 vistug Jere dad’ ¢icao. (ane-t3-nss os 
ayetanyee 


ae 


1 


éjeylone 4nd. ese a74A9 354) Bris Bivow got . A. 
piagipeloid #900:.,G0h16q 2boy pod f , v9adc. . 2rcgger biuow ow | 
ed patop ef otser Dosges. gu0-od-ae2 wf Sat? ands ed P2qggue bisaw 
gett and ab taldeyg ant. colto-od geal? # medds bixod stom ed 
2cimeo spunds offset Jpeges ons-at-ned 6A¢ Jo haidseppes fsnievine |e 
od isvel eyottorpia qeusoslo eta Jeulds far ewe aw ezvaened fuoda | 
-walatetse euovillines Sra aon)’ ett nbauted siecimizselb | 
We eiqeted 8 over ov 3) ~airow Yeitso- ct 
tei? to nolyxoqorg ome eynwle wb exaria nedd ~estlobinow® | 
ejidsedels <a n'sedt m70% sucsastaow w al ai soda egifebizve:n | 
benhe wey 32 ate seni nhn th enon aed doinw [ 
molsioug 6 “i don ese We yyiadenngaes a Z 
nnd =a 


vg A 
ou Sy ht 


_ 


le 


- 117 - “) Chattretda, cr-ex 


A. (cont'd.) As far as the electron microscope 
is concerned, we are not able to discriminate between the two. 

SO the ten-to-one aspect ratio was suggested 

at that time tovallowsusemone.celiably to ycount, or fo account 
for, the fibrous components, rather than to suddenly find we 

have to start applying asbestos regulations to a thing like a gold 
mine where there is no evidence of any asbestos presence at all. 
In other words, what I'm saying, you .car save 
ale! hand sample of rock which is quite obviously nonfibrous. You 
can have another hand sample which is fibrous, and we are not 
able to tell the difference when it's single particles. 
OpmeAT dn Wesconet, KnoWathatmvet . Oba c 
debatable, as to whether those particles, rather than fibrous, 
are biologically active? 

Ao WeRCOOn ut <a’. 


Op TNE en Wodaterge AOL aac MM atshe CM tots tehalalsy 


15 


variability involved there. 

Then you have the five microns in length, which 
you .coOnucluded.in.one,of your papers......sorry,.tab thirteen...that 
it bears no relationship to epidemiology or experimental evidence, 
2 it's just...the five microns is, there because of the technique, 
not because of any scientific... 

A. It has been an arbitrary selection. 

Q. Then we get into the issue of whether 
you are actually measuring what's biologically active then, 

25 and on page...tab thirteen, page one-sixteen, you concluded that, 
"Ttyius becoming clean that the fibers 

measured using the legislated membrane filter 
method do not include those having dimensions 
strongly correlated with high tumor production 
in experimental animals, and which also form the 
majority found in the lungs of mesothelioma 


patients." 
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- 118 - Chatfield, cr-ex 
O. (cont'd) So we have all’ of these 
variabilities and we aren't even measuring what is causing 
the disease. 
Then you have in tab eighteen, page nine, 
which was your presentation to us back in ...I've forgotten... 
A. December. 
Q. December, right. You suggested that...on 
page nine, as I say..."In many airborne distributions the phase 
10 contrast optical microscope measurement records 
only two to twenty-five percent of the fibers 
longer than five microns, and perhaps only 
point one to one percent of the total number of 
fibers." 
SO we are not even measuring what may be the 
15} biologically active...and there's a huge number of other fibers 


that may be biologically active that we are not measuring. 


Then we have the situation of the reader, 
the variability between readers, of a level of six, and you 
might have Friday afternoon versus Monday morning situations. 
And then we have a situation of time weighted 
ef averages for workplaces over forty hours, taking grab sampling 
here and there where you are evening out peaks, and can you give 
the workers in the Province of Ontario any confidence that you 
have measured anything that has anything to do with their health? 
Aw Thec’Ss an toberesting questvon. =f think 
25| the phase contrast method should be regarded as a very simple 
test, (nyorder to...which is used in order to control the dust in 
workplace atmospheres, and in order to assess whether or not 
any improvement is being made as a result of certain control 
measures. And indeed, control measures certainly as far as 
Environment Canada are concerned, on emissions to the atmosphere, 


30) are made on the basis of forcing the best available technology. 
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- 119 - Chatfield, cr-ex 

A. (cont'd.) In other words, we have fiber 
counts controlled the emission point from a plant into the 
atmosphere, based on phase contrast microscopy at two fibers 
per mibliliter longergthanifive micrometers;s, That is, avery 
stringent control, fandawhatevesaressayingwthere is, that isa 
legislated number which forces the use of the best available 
technology in the plant. 

Nowswhensi6e comespto looking at the exposure 
of the workers, the same situation applies, that one is able to 
apply good technology and to bring down the fiber levels by a 
simple measurement technique. 

I personally would rather see a lot of 
measurements by a simple technique, because of this fundamental 
variability problem, than I would see a single measurement made 
45; at one work station being used to define everything of a much 
more sophisticated nature. 

So here we have a situation where we are saying 
we take a number of measurements and those are the things on which 
the overall dust loading in the atmosphere of the workplace is 
controlled by. What I would contest personally would be whether 
20; or not these can be related to epidemiology in any meaningful 
way, in view of the fact that there have been improvement of 
methods over the past few years...the factor of six that you 
are referring to would certainly have been much worse a long 
time ago...and in addition we have been bringing down the levels 
pe and also changing the size distribution. 

So thes question, of whether vou,cany relate jthe 
epidemiology in a meaningful way when there has been this amount 
of var atvonia 1st angopen one.re-cute as aydust contro} imeasure,, 1 
think it's a perfectly reasonable way of approaching the problem. 

Q. But then you said to us this morning, 
30| and you've just mentioned it again, is that when you institute 
control technology you are in fact changing the dust cloud 
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- 120 - Chatfield, cr-ex 

Q. (cont'd.) dimensions. What we are getting, 
for instance, as asbestos workers now, are probably much smaller, 
thinner fibers because of the two fiber standard in Ontario, and 
the technology that went along with that. Is that correct? 

I mean, we may be getting... 

A. Not necessarily getting more thin fibers. 
What they are getting are the same thin fibers they always got, 
but the big ones are not there anymore. 

Q. ‘Right, but small: ones are? 

A. I'm sure they must be. 

Q. And the small, thin fibers are the ones 
that the biological evidence indicates to us are still the 
health hazard. 

A. The small, long fibers appear to be the 
ones on a single fiber basis, that give the health hazard, yes. 

Q. Yousay the small, long, but there is also 
evidence <ehat tthe, smabkl, short, thin...thin, short ones can, because 
of the huge number of them, also be biologically active? 

Ae ee Sr. 

Q. So we still have, even though we may be... 

A. There are arguments for and against, as 
you are well aware, and it is likely that control measures have 
lett the small), thin ftbersistul) avrbormveravihey tare not 
measured routinely. I am quite sure some measurements may have 
been made, but any control measure will selectively take out 
the big ones. 

Q. Can I ask you a question, because I was 
a little confused back in December...and I've reread the testimony 
and I'm afraid it hasn't cleared up...and we were talking about 
the costs today of electron microscopy, and that if you have to 
identify the asbestos, it might cost four hundred to five hundred 
dollars per sample. What about in a workplace situation where 


you don't have to identify, as you said, where it's a simple 
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QO. (cont'd...) operationi of gustmmerely counting 


them. What kind of sampling cost is that? 

A. Well, if I was asked to say...let me put it 
another way...if I was asked to say what form of electron 
microscopy would be appropriate at a reasonable cost, for the 
workplace atmosphere, I would say a scanning electron microscope. 

The samples could be put through a scanning 
microscope, I would. say probably at closei‘to the same) price or 
Br elosesto thevisame ilaboursithatyws: requiredwnow. Uti isital capital 
equipment, is the problem. 

We are not doing identification, we are merely 
counting fibers. The SEM gives far less of a problem to the 
Operator in terms of fatigue. 

Q. You mentioned that the actual scanning 
45| electron microscope would be about eighty thousand dollars? 

Mela would: think iso. WtYouswouldm tagettone 
much cheaper than that. 

O01) a Thenisyou wave latccomputer“attachedimeaothatk: 
Does the computer actually do the reading? Could you replace 
the reader as well? 
at A. You could replace the operator with a 
computer. 

Qn Th shouldnwtt bewencouraging that: 

So essentially an eighty thousand dollar 
investment, plus the reader. 
be How many scanning electron microscopes are 
there in the Province of Ontario? 

Pe ieRather ra Hoe. Siledon ‘teknmow sthawtl would 
Want *to tute aunumbereon soe. Tuitwiwould siavemtothbexcbetween fitry 
and saenundred el wouldiithinky Sleareall y ican steputiyan “absolute 
number on that. There are probably ten or twelve I could put 
names to in this area alone. 


Q. If we maintain the Ontario proposed standards 
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Q. (cont'd.) and used a scanning electron 
microscope, they would be very tough standards to meet, is that 
Correct? 

A. Well, again, it depends on how close to the 
existing level we are, but I would imagine that workplace counts 
done on the scanning microscope would be significantly higher than 
the workplace standards done by phase contrast microscopy. 

Oulsiasdon taknow 1f°L should ventures into this 
one, but it was about your magnetic alignment. You have indicated 
Ua to us that you are measuring mean diameter and mean length. How 
would you set a standard for your new technology? 

A. Well, of course, in this case one could set 
a standard by having a sealed ampule of a known distribution. 
Rather like we nowadays define the unit of length. We have a 
qe) Chingewhichyis ealledga standard meter}; andgeverybody, takes their 
measurements from that. So we are in a position now to have a 
stable dispersion of asbestos fibers in liquid, which could be 
sealed and which could be used as a basic reference standard for 
everyone to use. Successive standards could be calibrated against 
thate particular standard 
20 So this is one of the reasons I bring this method 
up is that it does have the possibility of having a fundamental 
standard kept at Queen's Park, or somewhere, which is the basis for 
all measurements. 

In the case of the proposed Ontario method, it 
~ is in fact very largely a method which is slightly modified NIOSH 
method. Even the slides cannot be retained for storage. I think 
one of the basic problems with this kind of work is that one would 
like to keep the slides for future reference if possible. Then 
you can give the same slide to someone else and say, hey, you count 
them. At least there is a permanent record kept of some kind. 

UsingethelAbAl methods Ecentainilyethere) isi tasters 


a permanent slide mount and these things have been demonstrated to 
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A. (Gone ds). be stableptorssomesyears. 


But the basic problem is that of standards. It 
would be nice to refer everything to a known number, which 
unfortunately at the moment, it is not being done. 

Q. There is...the one thing..the two other 
questions I would like to get into, and that is that you showed 

Ws this morning slidestofebuildingyatmospheres that you took, that 
were largely vermiculite? 

a Eim sorry, thattsenctetrues pihey were dargely, 
gypsum.= Dsithabecorrect@uet thinkwwhated.[imenothsure whataiim 
trying to get here...if the physical parameters are the dominant 
thing involved in physiology or in biological reactions to these 
fibers, and we've had evidence from Stanton that in fact fiberglass, 
or glass fibers, of a very small diameter and proper length will 

Ase tnesacte 1nducesaucancerrin rats-=helsare possiblesthat these other 
thingsacouldsbesddoingrthathas wellewifatheyymeet fthose. aa? 

A. It would be entirely possible, but one would 
have to look at the incidence of disease in the gypsum industry, 
which L'm not: famitiar wither Lthavercerkainlysnotyheard ofmit. 

Q. Okay. The last question I have, and this is 
20) not from you exactly, but it is something that you report on. That 
is, that the State of Connecticut has set an ambient air standard, 
and they set an ambient air standard of thirty nanograms per meter 
cubed, which is stated to be equivalent to thirty thousand total 
fibers per cubic meter. 

25 Then there is an interesting statement at the 
end, and I just wondered if you can comment on it. But it says, 
"This standard was developed by extrapolation of 
the mesothelioma incidence among asbestos 
workers"™...1'm sorry, page one-thirteen...."and 
assuming an incidence in the general population 
of the’ United States of a hundred and fifty cases 


per annum to be acceptable... 
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@. (contidk)seDoe you know how they) cameryto 


that conclusion that a hundred and fifty cases a year of mesothelioma 
is acceptable? 

AMwatheir antention, this was thet. .ducanit 
remember the authors' names now...Rubino, I think is involved... 

O.ChBruckmaniis chece. 

A.t (Bruckman, sorry: 

Off “RIGHT: 

a A. If you get the Bruckman paper, you will see 
that his philosophy has been that we need to establish an ambient 
air standard, and what would be a suitable number to introduce. 

He has in fact, I believe, taken certain other 
infrequent things like deaths through aircraft accidents and things 
like this, and just picked on a number and said now, supposing we 
15| take the asbestos workers' mesothelioma incidence and plot 
incidence versus fibers,’ then’ you get a very difficult curve to 
interpret. He has just done an extrapolation of that in order to 
arrive at thirty nanograms per cubic meter. 

As! @aumattertofptact,: theres mays evenyg bey some 
errorseans thercalcnuilation.y. I thinks histnumber Of fibersa per, gram 


20 LSserotlc correct: 


Q.| Dégustefinds thes wholesacceptabi ld tys Situation 
Veryeditticult tomdeaiswrrn. 
MISSSGOULEY: J Thanks yousvery much;yDr. Whatiield. 
DR DUPRE Thank you, Miss Jolley. 
Mr... ‘Bazine 


MR. BAZIN: It will be short and sweet, Mr. 


25 


Chairman. 
CROSS-EXAMINATION BY MR. BAZIN 


Q. Dr. Chatfield, you mentioned that you would 
prefer, at the workplace, lots of measurements with simple 


equipment. Can you elaborate on that? 
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A. I think it's the same situation as we found 
in the Bowmanville High School when we were examining the insulation 
samples. You could pick out a single sample from the insulation 
at Bowmanville and draw the conclusion that you strip out all of 
the insulation, or you could have picked another sample and say 
there is nothing in this school. There was a mixed situation. 

I think the dust cloud inside asbestos plants 
is much the same. If you take a sample in one location, it's 
pe going to be different from another, and there's a time difference 
as well. This is changing all the time. 

So it would seem to me that you get more 
information on actions to take by spreading your measurements over 
a larger time period and over a larger area of the plant. My 
philosophy there is, obviously, that we would like to see very 
15| sophisticated and expensive measurements made in that way, but 
there are financial constraints. 

I think the larger number of samples..if the 
errors in the individual measurements are very large, then a larger 


number of samples allows you to get data which permits decisions 


to be made more effectively. You have the standard deviation of 
20) the entire group of samples coming down the more you take, even 
though the individual measurements are not particularly reliable. 

©. Which would seem to’ infer that at® the 
workplace gravimetric measures are the types of measures which 
you would favour? 
25 A. Gravimetric method has its place. 
Unfortunately, we do have a worldwide tendency to use fiber 
counting. In other words, every country I am aware of has used 
fiber counting as their standard reference method. 

Q. On the question of the samples, just to be 
precise, how are the samples carried to your lab? Could that be 
30} a factor to change some of the results, the actual transportation, 


quote, unquote, of the samples? 
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A. With the millipore filter, the conventional 


filter used for this measurement, I don't think there is any major 
problem there. 

There is a problem with using nuclepore 
filters for ambient air samples. They do have to be handcarried. 
Otherwise material is going to be moved on the surface, or lost. 
That has been one of the major criticisms I have made of the U.S. 
EPA method for ambient atmospheres, that they recommend a filter, 
recommend a method, and you virtually have to handcarry the 
10) filters right way up and make sure that it's not damaged in any 
way "enroute. 

ly ’the case of millipore filters, £ don’t 
think “that 1s a problem: 

Omr™ Your-sarc tial yourdtan tt Chitik “Tt was 4 
major problem, and now you are saying there is no problem with 
that type of filter? 
A. It would depend on the loading of the filters, 


15 


and the filter as loaded normally for a workplace fiber count, 
there would be no problem. 

Q. You have conducted testings in various 
20; schools, I understand, here in Ontario, have you? 

Ax” Yes 

OQ "ls" tC my understanaing that it was" done 
inside the school and outside the school? 

A. The reason for doing it outside of the 
school is that at the time when we had teachers going on strike 
= at various points because of the hazard of the building environment, 
that we had no basis for comparison. We received,as an analytical 
laboratory, we received a lot of pressure to make measurements of 
this kind, but at that time neither the Ministry of Labour nor 
the Ministry of the Environment had a standard other than the 
Ministry of the Environment point zero four. 


We had to provide information in a report which 


87 (6/76) 7540-1171 


totan. yn 2 oa anne 
. ia 
sregelcun pitiien die: acti 6 et. avail’ 
.bpimierbast od of sued ob peat <aoignte tic onaiens “wel exeatee | 
200! to .eniRwe-efe qo Hevct ad of eittop. ©). fsixesten: ehiwiedso | 
2.0 oft Yo. ehen avag' i epeepteias ropem ada 16 2rd deed anit sect 
(908i? & baeamoddy vad? 2egt ,cexetqeoete tneidan got Eoddem, Ata 
eis vatechriut oF evan ghleogatv, coy bie Softer) « haammpzes | 
van ni heptnteb ton e'2i Jedd sthe oxen bce qv yew tcplis exeslin 
7 : O7ubINe Ye 
J'neb T., ereihid, saeqillig 30 sees oft at 
aeléerg s. a2 2689 Aes 
& Gaeol 20icy 4'npeb ihe $anz 6160 Ook «0 | 
fics. ceiderg om @f e2ede prizes sts voy wou brs ealton OSs | 
| | tx6sILi ¥O. egys 26n5 r 
,exresil3 af Jo eeibnol ed4 ao bagged Sivyow 47. .é . 
16003 16413 susliqutaw. 6 x03 yllemzac Sobsal se wosii.ag? bas [ 
Gmaldedy on ad tired stant 
eopivey «A dpitgbes, bussaban>.eied wor <0 i. 
Suey svat .okusga6 ot vtec ,onetaspbne I “tendon Ee 
- set of | 2 ia al. 
. | 06b eew 22 sale, pnibasd as sbre. qa ot. xt 40 7 : 
Sfootoe, at shiazvo bas. aes eda obiaad B 
en? Yo ahies0G aL. polo’ sok eoeees ofr .A ~ i a 
siizaa nopalop ntaiipeed) Sod sv weutw ems end 36 nas et ic ae 
\Joeabosivas. paibliad eds te, ee pootgsegee aki *1 - 
\-Eeobtylens 1B ee bevdenen/ OH. a 02 ete 28 00 P Bet ow 2 a a 


te Peapelehiemlane ter." bev isos en 


an hei | SRE NTE 
eal a ee 


10 


15 


20 


25 


s 87 (6/76) 


- 127 - Chatfield, cr-ex 
A. (cont'd.) said, we have done the sampling, 
and then we had to comment on the results, because the reason why 
the samples were being collected was to convince the population 
inside the building that the atmosphere was safe. 

Etiiseemed to usrat) the tame ,that’ thesbest way 
of dealing with this was to demonstrate that the building 
atmosphere was no different from the atmosphere outside...lacking 
any suitable standards. 

Tater on we began), to budldiin, £0 the discussion 
the Ministry of Labour standards and the point zero four guideline 
of the Ministry of the Environment, quoting the only known 
standards that we have. 

Q. These measurements did indicate about the 
same thing inside and outside the building, is that correct? 

A. We have not come across cases that the 
inside has been higher than the outside. 

MR. BAZIN: Thank you very much. 

DR. DUPRE: Dr: Ufften? 

DR. UFFEN: I have three questions to put to 
you, which may be disposed of very quickly. 

In the membrane filter method andthe filters 
themselves have to be eliminated when looking through the 
microscope’ so they treateit with avliquid of» thescorrect 
refractive index, which happens to be too close to that for 
chrysotile and its hardly readable. 

Is there no other filter material so that instead 
of ending up with the problem, you use another filter material 
which requires a fluid of a different refractive index? 

THE WITNESS: Well, in fact if you put the 
question that way, there is a filter material in which one wouldn't 
have to use any refractive index medium at all. If you get a copy 
of the report published by the Battelle Memorial Institute on 
Analysis of Water Samples, A Rapid Survey Method for Analysis Qt 
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THE WITNESS: (cont'd.) Water Samples, you find 
that the technique described there, in which sampling was carried 
out on a’ nuclepore filter, or where the fibers are on the 
surface of the filter, the filter was then coated with a very 
Enickelayer OL Carbon tOumaxe tte terlectivye, and It has ne 
added advantage of expanding the diameter of the fibers so that 
they become optically visible even at the single fibril diameter, 
chrysotile. These samples were then looked at by reflection 
MLcrescopy. 

My This seemed to be a very workable technique. 

DR. UFFEN: Why don't they use it then? 

THE WITNESS: I don't know. 

DR. UFFEN: Another one that has puzzled me, 
the minerologists" polarizing microscope 1s used to look at an 
a overall...I have forgotten, or never did understand, why can't 
they use a petrographer's microscope and use polarized light and 
distinguish between the different fibers by their coloring under 
polarized light? 

THE WITNESS: Well, first of all the chrysotile 
would be too small. You would have no interference columns. 

Dees UPEEN 2 On, al). Pi ognt. es lnanie you. 

Can@lemakeman ULC) SWa Con felts at ne <enGr Or. tne 


20 


day, I don't want to make it unpleasant. Yesterday we had a 
long, interesting discussion between Mr. Lemen and others about 
a gold mine that had been examined. Are you familiar with the 
CONULOVGTS Visccinie 
ee THE WITNESS: I am familiar with the controversy, 
yes. 

DR. UFFEN: Between the McDonald paper and the 
Lemen paper. Is there any possibility that the discrepancy could 
be explained in any way by the counting procedures used? 

THE WITNESS: Were any counting procedures used? 


Because this is an epidemiology study on miners in the Home State 
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THE WITNESS: (cont'd.) Mine, gold mine, where 


grunerite was the species under consideration. Was any quantitative 
work done? 

DR. UFFEN: No, I guess they didn't give the 
results in terms of response...there was a lot of discussion 
about whether the grunerite was ground up, did it make any 
difference. Perhaps I've worded the question wrong. 

Would you dike ‘to... ? 

10 MR: “BASKING. 2D -don’t *know tt *f*can fdos1t7=but 

as I recall the paper the only counts they did were 1974, which 
was after, the period of study, and they tried to take some counts 
at that time and suggest that they may have been the kinds of 
situations they saw earlier. But I think the study Ltselt cue 
record will demonstrate what it is, was based on terms of years of 
15| exposure as the index of dose. But at the same time, there must 
have been some assessment of the silica level, because as I 

recall that was critical to the assessment that they demonstrated 
that the silica levels were not any higher than other mines, and 
therefore they drew the conclusion that the only one that wasn't 
accounted for was asbestiform. As best I recall it. 

2 DR. UFFEN: It left unanswered the question of 
whether the mineral was in its fibrous form or not, or not being 
in its fibrous form it got ground up in the milling process 

in the mining. 

Can you offer us any assessments on the 
25} Controversy? 

THE WITNESS: The only assessment I've made, I 
made before I ever came here. That is that the...if one is doing 
epidemiology, I feel that one should be comparing the exposed 
population against some kind of control population, and the 
difficulty here seems to be a case that one study studied just 
a group of miners, underground miners, and the other study included 


a lot of other people in the exposed population. The results are 


87 (6/76) 7540-1171 


: ine a 

a Bees 1 
; s co a, blr ab “os 

6 aaa ees = Ae 

; 625% .onie Slop see ——. se 
evisstivanuy am 260 sneizessh Betas: “sabia apg sue ia 


Bay svip 2 nhth vale gesuD Z, (on WeRts a a _ a 
HOLeawosl> We Fos 6 aeh o oid. paneer, 25 amassed) ng extipe oa 
ed eee Se BLE ccs Sorte GF av Seiabe: te | Ort qetltadw jande:’ | 
spnes’ acidgeup- ony Betadw ao" f etidiet raged erate - 
Gu. oteths Dot hRioF 
gtd: .9L o8 mao. 1. te wart. 4’: 3h T. ..t@i 54a). Ae 
Aadene ,O°2s, ssa Sib yeas giaiae Ying S07, 39469 Gti idese1 (1 as 


esqnb> omer esa? of Ueto sere Brg, \ bugd 36 hioizsd sto. casts. Rew 6 
26 fbn ent Gam ‘eo YAm Qos Joar Isepeee, ons adie 4eta oo | 

odd .,ifoesi- ybose sie daly + 1 Gon ~ .veRi ves) whe vee? ene btmgeads | 
39 eisey 26 emgss Go besed ‘gay erin i shew Sibatponmes ili Hisa0R! 4 


4am e2sc3 emits wafeh He 46 4yF | Jeend. Se a ais && wsleuqgre ie 
L es seusted , lever sni bie e435" 3 theeaesees e702 aed wveut | 
baveviecous> vads 2ads fownAysues ‘add <2 Pe atdiso taper yang 1.6947 
bas  ,£enim section marl? tadein yrs sou sFey ef seek gorlic wis eds 
+ naew 2501 sae yinm eos wens ‘ecubde ienon gtd wesb Jars senteaads L 
«Ii Linest 3 Saed 2A .srvod taster sew apt bedger casiiaal 
10 nOizesup ed3 Besewarsey 2362, 5% . «VaReD AD 
pried Jen-3o ,don ab m2c? avoral? 29 ak chew fezenin ez Zerit Diiw i « 
eeo001g pillniin aft mh aw Gkposp deny bee wat anos’ eri ae 
: puitiia: aie Ok | 
eis rs PINSMOLSESE yee 2 astts ste ta “a 
’ “=. “§vezevere aa 
i .sbne ov't sosnpeesne: yiao nite apie et , 
enioh ef. eno 21....:e9 Fass ai nis no798 ot je tbles destin are = 
: besoqts ad? enizaqnos od ning ar poste O92 1 ,»ypoiniset.; 
oid Sap .noiistagog ar . ont et 
Jeot belbyte ybunte: ena , 


bobu lent | yhore red Fo, and eke —_ 


a) 


East 


oe ethene ant 


- 130 - Chatfield, cr-ex 
THE WEENESo: LCont od.) ) goang*®toebes. =the results 
are probably» statistically ratheridifficult®anyway ,Wand“vyou could 
Swing the result by just changing the population. 
5 That was my personal opinion before I came here. 
DR. UFFEN: Now another real wild excursion. 
You pointed out quite clearly here that sooner or later we are 
going to need ambient air standards, and you've drawn careful 
attention tO this. 
Is there anyopossibibity of using your techniques 
Ny that) you have developed forngwater 7 igo tup Wnto othe "Arctic; get a 
slice of an old glacier right down back several hundred thousand 
years, take the samples back and get an historical record of 
what the air was like? 
THE WITNESS: That would be possible. 
15 I think it would because the presence of the 
asbestos in our environment has been referred to as very largely 
COMING .frOmMe Mane Syactsyities eel «am fsoltsureivthat that's “true. 
It may have been there all the time, and may have been there 
circulating for many millions of years, and we may be seeing a 
fundamental background which is nothing to do with our mining 
2Wiactivities at all, ior ourfisejof asbestos. 


Certainly in the urban environment, okay, there 


are going to be levels above that because we are using brake 
linings and we are using asbestos, but in rural situations you 
still find it. I found asbestos in virtually every sample we 
a brough te back: 

DReSDUPREE aDreetMustard? 


DR. MUSTARD: I would like to take you to a 


pattern of reasoning which sort of is my response to your course 
for us today. We have been coming at this with people, sort of 
the gross disclosure that dust and asbestos seem to be bad for 

30; you, the epidemiologists trying their best to get some kind of 
measurement of dose against response and then trying to refine it 


with all kinds of fancy conclusions. But obviously, as we are 
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DR. MUSTARD: (cont'd.) allavare, there is an 


enormous problem. That is that they are base line measurement of 
what people are actually exposed to has all kinds of ifs, ands and 
buteeiigi ts 

It seems to be in what you have said today, 
martiacularly,this afternoon, as I understand it, you could take 
the modern technology that is being developed and use that, as 
Dr. Uffen said, as the base line standard for fibers from which 
i you could then standardize simpler techniques. 

Now I guess my first question is, how long 
before we will do that? It seems to me that you've got this 
stuff coming on line. Is it going to be ten years, two years, 
one year? 

THE WITNESS: Well, as far as the actual 
15| standards themselves, the standard dispersions which are stable, 
we already have those and we are in fact already passing some 
of those to the National Bureau of Standards in New York. 

DR. MUSTARD: Those standards are using 
electron microscopy, are they? 

THE, WITNESS: Yes. 

a DR. MUSTARD: So then you can now put chose 
into your instrumentation? 

THE, .WOUTNESS = “Yes. 

DR. MUSTARD: So it should be, therefore, 
possible to fairly quickly develop standardized assay systems iy 
25 which each level of the assay, from the sophisticated to the 
eample, can be ses forth in a matter which would have some 
degree of precision and also a clear definition of its limitations? 

THESWLINESS: »~YesS. 

DR. MUSTARD: I guess my question is, are we 
going to take two years to do that or can we do it a little more 
rapidly, because I think it would answer a whole series of 


questions in terms of what kind of regulatory levels you set 
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DREEMUSTARD. a (CONG Ud.) eit, One COULC gen) this 


standardization system developed. 

Do you have some idea as to how long you think 
it would take? 

THE WITNESS: That could be done quite rapidly. 
We have the equipment already. We have some standards which we 
have already prepared and are properly characterized. The 
question will be, I think, whether we can accurately reproduce 

the airborne distribution that we have in the workplace...in the 
liquid standard. A liquid standard is by far the most appropriate 
thing at this point, because that fits the instrumentation. 
Portions Of that liquid standard then can be 
used by normal techniques to prepare filters for counting. So 
there seems to be, I would say, there is a way of approaching 
iiethis thing. 

I don't think it need be on the two-year level. 
DR. MUSTARD: Now to follow up to that, has 
anyone using the modern technology gone into a mine and sampled 
ie to Lind Out what. the true fiber characteristics dare in, the 

oa atmosphere in the mine, gone to a milling area and done the same 
Enum ,;andegone 1icOetne Oller processing planes, like textiles, 
and also done the same thing? Has anybody systematically now 
tried the modern technology against that so we really know what 
thietibpers are like, thelr distribution, etc.2 

THE WITNESS: I think Graham Gibson has done it. 
DR. MUSTARD: He has done all that? 

THE WITNESS: I think he has done some of that. 


25 


DR. MUSTARD: Es that all published? 

THE WITNESS: Again, I wouldn't know. Some 

Cit tmetc. 

DR. MUSTARD: Because it would seem to me 

that is kind of a fundamental thing that should be done, to clear 
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DREEMUSTARDA (COncCud.)) mUpsallakinds Of 12£s, ands 
and buts in the system. 

THE WITNESS: Yes, certainly. 

DR. MUSTARD: That leads me to my third question. 
Has anybody taken buildings with asbestos in them and tried the 
modern technology of assessment, the sophisticated technology of 
assessment, in terms of what really is in the atmosphere of the 
schools (a) in a spreaded condition when kids play basketball 
in gymnasia with asbestos on the ceiling, or when workmen go up 
into the area where the asbestos is on metal, and is there 
documentation of what actually does appear in the atmosphere under 
these different conditions, the resting state and with a bit of 
activity? Has that been done? Have you done that? 

THE WITNESS: We have obviously done some parts 
of this, because we have some data on school atmospheres, but we 
will be doing some more during the next... 

DR. MUSTARD: Do you have it really sort of 
using the very refined techniques that you can look, you've got a 
swarm of fibers of this kind, some that you would never pick up 
on the standard optical system, electron microscope, that you can 
say you've got two billion fibers in the atmosphere and for teachers 
to go and hide yourselves, or we've got two thousand and... 

THE WUUINES O20) NO. 

DR. MUSTARD: Has this been done? 

THE WITNESS: We don't have it on that scale. 

DR. MUSTARD: Nobody has done that? 

THE WITNESS: No. 

DR. MUSTARD: But you could do it? 

THE WITNESS: Oh, yes. 

DR. MUSTARD: Wouldn't that make it a lot easier 
to sort of resolve whether you sort of strip all the stuff out of 
schools, or what you do, if you had that information? Wouldn't 


we be talking from a firmer base line in this sort of procedure? 
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THE WLINESS sel, Mm sure we woulda. As TI Saye Ou 
information at this time is that at the levels of point zero zero 
four fibers per mil longer than five microns, we are not able to 
see any change when insulation is torn out. The measurements we 
have so far would indicate that...well, the statistics are the 
same. 

MR. LASKIN: Point. zero four? 

THE WITNESS: No, I said working at the levels 
of point two noughts four. In other words, working to a senstivity 
of point two noughts four, our results are almost invartlably lesg 
than point nought nought four longer than five. 

Die MUSTARD. My (final point on thissone 1s, 
some Of you may have noticed after lunch I wasn't eating Lifesavers 
to stay awake, I was reading this little book...but one of the 
things that fascinates me is a book, I don't know whether, counsel, 
a) Can refer to, Chis book, but 0 will anyway, .it's, The Biological 
Effects of General Fibers, Volume One, which I'm sure is World 
Health Organization, 1980. 

It's a fascinating book because it goes through 
all the animal experimentation, the different kinds of fibers, and 
I've already asked our witness a question, but I would like to 
ask him simply for the record, because I think it raises an 
PycCeresting DOiInt. su They sare ising supposedly standardized fiber 
material in all of these studies. It occurred to me that if they 
are doing that in the animal biological experimentation, including 
working with simple cellular systems in tissue culture, that some 
very important questions can be answered there which relate to 
the fiber-size/type question on the composition of the fiber, ets, 
and if that work with the standardization of fibers there could 
be done against your other fiber standardization, it would make a 
very powerful tool for that next stage in our development. 

I was going to ask you the question, do you know 
if anybody has tried to look at the modern technology and set up 
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| = 1 = Chatfield, cr-ex 
DRTUMUSTARD= “(Contla.) for tiber identirication 
| in the real world versus the standardized fibers that are being 
done here, to see if one can get the cross correlations? 
THE WITNESS: The only thing I can say in answer 
to that is that there is as a consequence of the UICC materials, 


which were originally prepared for animal work, as a consequence 


of the fact that we are nearly at the end of those, it's nearly 
all gone, the U.S. government, I believe it was jointly between 
49| the National Cancer Institute and one other agency, decided 


they would commission preparation of a large amount of well- 


Characterized material, including some of the materials from the 
Reserve Mining location in order to characterize this material 
adequately for feeding studies and inhalation studies, and that 
material has in fact gone through some kind of sophisticated 
15} characterization. 
DR. MUSTARD: That could also then be used as 
a base reference material, for standardization of a new,system 
Lorveascsay 2 
THE WITNESS = Yes. 
DR. MUSTARD: So that one could then say 


20 
biologically we know that these fibers do this... 


THE AWE EN toot ples. 

DR. MUSTARD: ...we've got this type of fiber 
in the atmosphere. . From that you could then draw or arrive at 
POUC LUST OUS COL tian ucures 

25 THE WLINEoot.< “es. 

DR OMUSTARD = 1bS achat oOlng to take Sten years 
OtetwOrvVeats. 

THE WITNESS: I don't know. With the Reagan 
cuts, of course, some of these programs have been stopped. 

DR. DUPRE: One question, Dr. Chatfield, I want 


30) to go back again to a very interesting point you make about the 
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=i 36 Chatfield, cr-ex 

DR. DUPRE: (cont'd.) proposed Ontario standards. 
Of course I've established there that your comments which are on 
paragraph two-sixty, page twelve, are all cast under the assumption 
that it is phase contrast optical microscopy that is being used. 

THE WITNESS: Yes. 

DR. DUPRE: If instead we go to scanning electron 
microscopy, is the problem that you have identified there overcome? 

THE WLINB Oot mall eLWOmpOLNtC isi, Wllm scanning 
electron microscopy, one would be able to work at the levels 
quoted and produce a separate tabulation of the amphibole versus 
the chrysotile fibers. So you could apply whatever standard 
you wished to, depending on the mix that you got. That would come 
out in each sample. 

DR. DUPRE: Is that the only alternative 
technology at the moment that is available that will make the 
standard feasible, or standards such as this feasible, or are 
there others? 

THE WITNESS: It has been a common thing to try 
to use dispersion staining microscopy as a means of separating 
these two, but unfortunately, you can in fact do an identification 
on a fiber using that technique. We use it quite regularly, but 
it's a technique which only works on very large fibers. The 
conditions under which you use it are not those in which you 
expect to get visibility and contrast in fibers. You immerse 
a fiber in a liquid which is almost the same refractive index 
and then you stop down the condenser lens in such a manner that 
the resolution is really very bad. You are looking for changes 
of colour and we are not being able to assess the size of fibers. 

Consequently, that's the only optical technique 
I am aware of. One would, perhaps, be able to vary the refractive 
index so that at times you can see the crocidolite and at times 
you can see the chrysotile, but the refractive index that is 


used, unfortunately, is not dictated by our desire to separate 
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- 137 - Chatfield, cr-ex 

THE WITNESS: (cont'd.) the two materials. 
That's dictated by the refractive index of the filter. We have 
a simple filter and we are stuck at that point with the refractive 
index that we use. 

DR. UFFEN: Just change the filter. 

THE WITNESS: I don't know that you can do that. 

DRs DUPREs. el. Megoing, to try one; more, Dr: 
MeDondald. ../. 

THE WITNESS: Chaptielda. 

DR. DUPRE: I might say that I share the following 
with Dr. McDonald in the conference, which is that one of my 
points today has been that it appears that I have succeeded in 
asking questions that you understand, and then you give answers 
that only my colleagues understand. 

Let me push my luck on one more point, and let 
me cast it at a greater level of generality. 

One possible approach, of course, to standard 
setting is to have standards that differentiate by fiber type. 
Indeed the Ontario proposal is in that category. This kind of 
approach to standard setting, namely differentiation by fiber 
type, basically is an approach, as I take your testimony, that 
in order to be feasible has to depend on the right kind of 
measurement technology? 

THE WETNESS 3) Yes. 

DR. DUPRE: Now, let's take another possible 
approach to the standard setting. Here we would be looking at 
an approach to standard setting that distinguished among various 
phases of the asbestos industry. You have one standard for 
mines, one standard for textiles, let's say another standard 
for maintenance. Let's assume for the sake of the argument 
that we are not going to differentiate among fiber types, but 
we are just going to differentiate among the different sectors 


of the asbestos industry. 
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- 138 - Chatfield, cr-ex 
DR. DUPRE: (cont'd.) Now, if one were to take 


that kind of an approach to standard setting, would one also have 
to be very careful to select something like scanning electron 
microscopy to make that approach feasible, or is say your phase 
counting optical microscopy up to snuff for that approach? 

THE WITNESS: I think what you are saying there 
is that the different sectors of the industry have a different 
Size distribution, and therefore a phase contrast fiber count done 
in one sector of the industry means something different in terms 
MproteexposuLe of sthesindividuals, to. what at idoes. in another sector 
of the industry. 

I think if you are going to vary the standard 
in these situations, personally I would like to see all fibers 
accounted for. Because if we persist with the phase contrast 
ne measurement, we just don't know what's going on in these sectors 
Ofsthe industry. It's a useful technique as a means of controlling 
Gustyebut as it says in the ATA...it's actually in the preface to 
the AIA method...it should be used in well-characterized Situations. 

The thing that's missing at the moment is the 
Characterization of the workplace atmosphere by sophisticated 
20} methods, followed by a lot of routine bes ot nGas Nea UStedons t 
know what's there. There ought to be in some Way built “into the 
regulations some means of knowing that the situation is still 
the same as we think it is. 

DR. DUPRE: Counsel? 

MR. LASKIN: The scanning electron microscopy 
28) which you have just been describing, can it be utilized now in 
the workplace, or is it something different than the method you 
described earlier which was experimental? 

THE WITNESS: ~Oh, it is different... It could 
be used today. There really is not Pale ctiamn dl fiicuity an 
applying that technique. 


MR. LASKIN: That's the one where you said the 
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elo oe Chatfield 
MR. LASKIN: (cont'd.) cost estimate was about 
eighty thousand dollars for the Capital equipment, with whatever 
computer linkage there had to be? 


THE WITNESS: Yes, that's correct. Wellyeavou 
wouldn't need the computer then if the counting was going to be 
done manually. Then this is an applicable device even now. 

MR. LASKIN: In response to a Guest onwerom 
Linda Jolley, I thought I heard you say that if youused the 
10 Scanning electron microscope rather than the Optical microscope, 
for the same sample, you would get a higher fiber count? 

THE DWLINE SS: en Yes. 

MR. LASKIN: All right. When you gave that 
answer were you talking only about fibers greater than five 
re microns in length, or did you give the answer because with the 
scanning electron microscope you would be measuring all the 
fibers? 

THE WITNESS: Well, of course, the fibers that 
we miss optically, longer than five micrometers, the ones that 
we miss optically would be seen on the scanning microscope. So 
20} in other words we would have a higher longer-than-five count. 

MR. LASKIN: I take it your answer depends on 
the fact that you are counting all of the fibers and not just 
speci tc andex fibers, as with optical microscopy? 

THE WITNESS: 4 Well, we count all of them, but 
Riou, takerthe «five MECYTOnN. tnose longer than five micrometers, 
25) we are seeing all of them regardless of their diameters in the SEM, 
whereas we would not be seeing some of PNG sel eeack sa lLarce 
proportion we would not be seeing by the optical method. 

MR. LASKIN: Because of the detection Capability 
of the optical microscope? 

THE WITNESS: The diameter detection, yes, limits 
of resolution. 
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= 140 = Chatfield 

MR. LASKIN: That you told us about before. 

Okay. I just have one other area that I... 

DR. DUPRE: I just wonder if Miss Jolley...did 
VOU Want. LO... 7 

MESSLIUOBLEY: BNO; SLewasnaustsgoingsto,point 
out to Mr. Laskin that the quote I actually had was from tab 
eighteen where it was..."Phase contrast Optical microscope 

measurements record only two percent to 

twenty-five percent of the fibers of more than 
fiveamacronscink length “ken 
som Chatewaspactuallyewhat syouwtand! J,cli think, were discussing, 
was more than five microns in length. 

THE WITNESS :* That! sycorrectyaves. 

MR. LASKIN: Just one other question I wanted 
COovaske you. 

When Dr. Nicholson was here a couple of weeks 
ago, he told us about some samples of urban air environments and 
the asbestos mass concentrations that he had got in several cities 
in the United States, and I think in fact you refer’ in one of your 
Peperseto, that study. As I recall it basically, he fotind that 
those measurements ranged somewhere between about one and I think 
about a hundred nanograms. Can you give me any idea what that 
measurements would dooke dake in) astiber, count? 

How does it...given the fact that Ontario has 
got, a) proposed guideline of point zero four fibers per milliliter, 
and lets assume fom thempurposer ofathi s\ questions that. it you 
sampled cities in Ontario you would come up with the same 
calculations that Dr. Nicholson did, how would they compare with 
the proposed Ministry of Environment guideline? 

THE WITNESS: I think they would be very 
comparable because the numbers that we have come across...we have 
seen numbers in the vicinity of one to seventy nanograms per 


cubic meter. This is by computation. In other words, a fiber 
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converted to mass by some calculation of the total volume of 


fibers, and then multiplication by the density of the material. 
This is very consistent with what we see. 

MR. LASKIN: But then what is the parallel 
fiber count that you get for that kind of mass concentration? 

THE WITNESS: It depends how big they are. 
This is the problem. In many of our reports you will see a 
statement that the fiber count is less than a certain number, and 
be we decline to quote a mass concentration because you have to 
assume a fiber dimension inorder to calculate a less than specific 
mass. 

The numbers that we would normally think of, 
ancotal i tiber.count...L .m talking-about chrysotileshere, ~.a) cota lL 
Piel ber COUnt OL perhaps point two fibers per millilarer would 
correspond to some tens of nanograms per cubic meter. 

MR LASKINE] |The conversion... 

THE WITNESS: As I say, that*s an ambient aix 
sample and that is using the kind of size distribution that we 
encouncer. 

20 MR. LASKIN= * The conversion that, Dr. Nicholson 
suggested to us in that setting, as I recall it, was a thousand 
nanograms per cubic meter would be equal to point zero three 
fibers per milliliter. Is that...do you have any...does that seem 
a reasonable conversion, from your own work? 

a THE WITNESS: I would have to go away and do 
some calculations. I couldn't give you it. I would have to give 
you that later. 

These things are not easy because you have to 
take a complete size distribution of the kind you encounter, and 
then sum the thing up. It's easy enough to do with a computer 
Bite wi can dG, 1b tere. 


MR. LASKIN: Thanks very much, Dr. Chatfield. 
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DR. DUPRE: Dr. Chatfield, on behalf of all of 


us, thank you very much indeed. Once again we are in your debt. 


Thank you. 
5 
The summer school will now reconvene on 
Monday, July 20th at ten a.m. when Dr. Acheson will be the 
expert witness: 
THE INQUIRY ADJOURNED 
10 
15 
20 
THE FOREGOING WAS PREPARED 
FROM STHE TAPED RECORDINGS 
OF THE INQUIRY PROCEEDINGS 
aA i Or Fa.) Vs 
25 ee Le Sia 
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